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ur dé dl We gous € pli es QG Ji 5 las 6 LASUSU 28, de 
Slug «MY Ss. Ces di & 1 62) pal dl D A1 ga le qui Je 
OUI SES eu fe nie eg s dl 

de Caen 5 € Gi Jets) 6 do GS 7e JS AU és 
5 QUO LE Gym Eu 

C3 8) dll ebs g Ji SU — 

- (39) dal d gui oui — 

(3) 5 ÿ Ji CU — 

CH) ill sl gli QU — 

2 CV) li G Je gel QU — 

. CL V) Gel got QU — 

+ CA) Gas Jlsdlls glal ÿ gli ol — 

(Leo Gil OU — 

CM) SU pol ol — 

Ca) EU G EI OU — 

+ (517) gui G ,2e slt SU — 

CNE) 5 de Qui ui — 

+ C3 NE) 2e jh g 2e EI QU — 


LA 


Le on y SA 55 nl 
CH NE) DENIS 2e pl OU 
+ CAE) dl yhe ellii QU 
Cao) ji he slt I 
CH Ve) ol Ge ON ds G Lhe ldl Oi 
2 Ca VV) oo Gel 4 2e ais DU 
CB M) ag 2e perl oi 
+ CE Ye) El d ds al Qui 
CH YA) sul éd 3 halls cel li 
CL) SSI ON Go Eds GS UM 
+ CB NT) plu il 303 aus Ji UN 
SOÉYT) Gal 3e 5 sb 0 3 as qu NU 
+ CAYE) Ed gs Al, alt QU 
+ CS YV) on Ds alle el CU 
FOI) Gb sell cles sl 38 DA 04 45 gti QUI 
CB YA) Cal CS 7 0 9 aol à pal Li 
+ C3 #3 El G ds sas petit OU 
2 CL Ye) Gal 3 dE UT 6 0 SSI UNI 
CN) ddl dors 2 AN dd SOI est ot 
+ CNT) dell dsl AU à Ps GEI OUI 
CH PT) LMI GS 0 I, Es D'UN 
CO YE) jh 0 SI, li UN 
CB Ye ) JA do AE 
2 Co TV) 8,8 Go SAIS est tit 
2 CH NV) 8,48 G 0 ls ei Qi 
+ CEA) el) 0 ls Cat 
+ CF) SLA GG EAN Go ls petlh QUI 
2 C2 VD Goal a sé G D pe NI QI 
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+ CA) dll go A dd pe Vs est OU — 

LC YA) RAT sl G D pe Ni ou — 

CEA) Se Îl GAUN pat 8 0 pe JV SE SUN — 
CPS) AU JDE Ja GS su Vs qu OU — 
LCL NS) 5 dd ans el OUI — 

CB NA) Sas 5 AN 0 pe Vs sb OU — 

2 CET) 8 all dde Ÿs gli QU — 

CB) El 0 pu SI 9 Gall OU 

2 (3 84) Dell Sul 5 D pe Us pelll OUI — 
CHE) ia d'os OU — 

2 CB EN) ge ll dos pol dd ads coll OU — 
LC Ya all dpi Go ads ll QU — 
LOST) Se go dis ESS SU — 

2 C9 88) D LA goss al QU — 

LC EE) OU G 6391 G Dymedls lt 

LC 89 ) OUI JE do patte ol QU — 

CB 4e) EI go pets gli QU — 

CH 84) il di do sat, Al Qt — 

CB EV) pale Qc PA la 3 0 pds petdl ui — 
. (5 LV) Gill gd pl QU — 

+ C3 84) Le Go is cool OU — 

2 CB EA) pal ei 0 ls il QU — 

(ser ol 5 Go gli; Et QU — 

CB 84) es do plis el M SU — 

Ch oe) ST jf 2 jf LE GO Go els, Ut QUI — 
2 C9 01) As ON pes 0 peu qpolll dl — 

2 C20T) dl Lol BI G 0 is gl QU — 


de ue abs 2 55 ol 


C0) ESS GO Go pes all 

2 C3 07) 4 5 GI ORÏI G 0 is pti ou 

2 CE 07) DV pes 0 pl col 

- CL 08) 0 pod dope Gest OUI 

+05 00) hi G 5 pulls Gi QU 

CH 01) codes gs GO pe 5 SN LI 

2 C3 0V) SSI ges 25 Go puis el QU 

2 CB oV) OV Got féé Les 0 pull mal cali 

2 CH SV) 0SŸ Sell J ps 5e pi La D pulls est 


VE — 5 0 A GhosN ass, ) € GE à &LS 3e 5 AU 3 aa 
2 Q IS LU Ce y Lust Je SRE LAS à Led 3 sai Je (le FSU CL 


+ C2 04) pal JS QUI 

2H SA) LRU 3 211 5 LI DU 
C0 usa d'il SU 

CH 4) dis Ag el QU 
CB Ve) Las et QU 
CSN) GS eo OUI 
CH) ll ous ali oll 
CHE) LS pla sal dc SI pd cl OU 
(He) plie 5  pill St 

+ C3 V0) gba 58 ét QUI 
(HW) gbral d e goii QU 
+ CHU) OUI G je (js 
(LM) JAI G 4e EI SU 
CN) Re) à y2e gli QU 

+ CV) plaie all ol 
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Ca VE) 40 2e oui QU — 

+ Ca Ve } Al job 2e gli oui — 

- VD) lil 2e call QU — 

CNW) les pl A 2e gl ti — 

CH VA) I G Ds all QUI — 

+ CHAN) gai D als got QUI — 

CM) ed gd als UN SUN — 

(HAN) OlElls gels gel 591 GG D à als EI OU — 
CH AS) E AM ele je ds all qui QU — 

(CH Ae) Jde dll gs ds als all OUI — 
2 CI AN) ad ce pl 5 5 d 0 5 als pli oi — 
+ CAIN gl eye ds dis gli QU — 

2 CB AV DAS plsf G 05 40 ct QUI — 

+ C3 MAS 5e G 03 dis pol SU — 

CS ADDASN a 0 SON OU — 

+ CBAMDASI cs G D ls got OU — 

+ CD AS LE pu G 0 Ps GI SUN — 
Ca) 3 pÎls sé Ÿ 6 A 5 à As I OU — 
C3 AN) hd ns ÿ 0 #5 pl ol — 

+ C3 4) Si pos do Ps all QU — 

CH 46) Ki po go HU li OUI — 
(540) Sous ol gl QU — 

4 0540) JS wat go SU, sai QUI — 

+ CH AV) pull ds G D SI pue li — 

2 C9 AA) SU pd pe Ÿl OU — 

+ (BA) Jo 8 6 D se ls cest Di — 

+ CHA) SU 25 dope, JU OUI — 
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CSN) BU ge JAN ne 5 0 pe Ÿ, EI OL — 
Ca VND EG cet à pe À a A QU — 
SOA) pl Slt de VI, AU OU 
OL pl ess 0e Vs sl OU 
CG V8) M tt 6 pe Vs put I — 
CO VNV) AA 555 G 0 pe ls GA UN — 
CN G Le) LE GG 0 pe ÔS put QU — 

C3 VA) eu ps ce AG D gun QU 
[a lil 0,1, sit Qu] 
ORNE Ge] god, ist Qi — 
CE Me) £a Gal Go as ES QU = 
CEA D og ue GB puits ul M OU — 

2 CE ANT) ts da 5 puth, AU CU — 

Fee Ci GAS DS 5e ol 2 p 


ASS € An GS es ge ae ei D Les 5 pu 
E gdal G5U  LÂ, OUI ssl 
+ LH els 3 Cl als € 5 £) Jo QU — 1 

pan GŒUË, à ant LS D As BA SL 5e CL als Ub » 
és LE Call els ab ox Cu Lls, Gall JREŸis Coutis 
Es € Ggie Adi doi CN < A Le pe Ge KB Rs cs Ce 
«AT Ge M, « BU ale Va LT AUEI aus Vs à AS GA de dj 
Me dé (44, À 542 ga lue Lol 5s à Cols ue des 
2x ce OS Bÿ . act À rl loss De Elo 3 5e els ns 
> ce 08 3j : di pe. cé pô Ai els 53 à Bo gl 
Got pat À 0% eldii ee JeYl ous € Dati, Ji di 
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Gr Ets OS 22 puè ji ee Of 4 pus. Gt (I mil 65 343 
JEU Gyll Ji +559 J Gun AS ae hé € eq OÙ Rs Le 
JE ds gens gti G£s à M als GAS 2945 of Ga pli dl des 
gr Mgr Wie ral 2Ës € 2. ) ver A es 3i SL ag pus it eus 3 
eq GA ce dl les à pédl eés hs let péll dué 
ab cn pi le 1 6 Lee] Ge ur Sas pubs 333 Gad amul 
BL pe . Cl, U Qj ejlie es € pet OÙ dl pu JS d Sils dla 
prit dll RAS À Khalls gel cé 3l ele cé dei 3 y ce 
Cup do à 4e lu é « Jo LE ji plis (3 8) ait pôles « JE 
5 AE biile Je El dde Qu jf 6 «ob ga does Li ji G 
ea eu À à uit au DIS cas 323 gl ll ca 5 AN 5 ae dl 
Hi os D pnl ie Leur: ot de ess de . el oui lis ae (ile sf JAENE 
De qe de pond 6 ce po Eee dl és Css 6 8e Eli 
ce gb: Jul ejl Les s db sa 
so (LB 1e) cab QU — à 

oR w il Elu 6e pull s AG pué pale Le Ge D als 2 
gi Le N SL Go le Chi Mas « OU celle JG Le sil 
DIR CETTE LECTEUR SALETES 
Le d] si de SL Salt Ml b pe . 5005 LS 6 a à Vs 
OÙ pal SA te Ÿ À pull bé À Rai cé Jlpiÿl ous LÉ 
Cul 26 JE ol Qu Of a piss à ghall OU Ds al d'u Vs 
sas Les pis és lie a ab 6 Cu; ges À Lobites Gomu do 4j 
Gé © Bgpea 5 EI Des Lies Gap 4 caf 5 ps 3 ol ce 
% Cru À JAN JE domi EL À do dis cell 2 ji de 
AS Qi eg Les € gel ge At Clé Le mets Ja s Le 5 ile 4 Cal 
és otadlls LA, Ji Ai 3 SN Sete Y ls salt ele fée 3 st 


YA 


Le vu ss AE 65 ai 207 
«Bad Je G Ji — € 3 0À ) SSI 5 GES à dla Lin — y 
ps g ds Qui 

Je 5) 5568 Ji 5 pe él Gi pit #63) dl je Ai ads A5 0 
Len és SE pol AS ul LES Saga 31 aie I ALAN Si cod ST 
O5 Jan ge is Ji, JS ge GG JelÉt eat La pu la Ts 
Gi 4 ge èus 6 Dj Jib px LÉ Lis Le OÙ 15 G äbis 
nd ge JS au ll LUE 5 24 à JAI Sy 28 CH 04e pe 
RL D peu de ps cu Ce ji US Je aa (2 el y all tell 
ct céder Al oie JUL pôle Lis. Slodall, La Jolie Les 
ss Rey 3 0 jf AI LU ES plat 

aa DES ail à CL GE à DS SU ge Joli ge puit db 6 aus 
hd pis Colle jar à Lalall Loti ça BU Goal 5 ae GA 6 4Ù d 
i$ ge al gars Val ce DS lis BL TS SNI Letgs D ef 45, 
ae, DES 6 Ge 3 À de Ged Jai dt, ei Gt à 
Ye Lis. OUI Dlyes CA pl gs jé de «NL cg AU 
pl ES Gen 6 Cl 3 IQ à DES La LUE of au e Lies 26 af 
LOU pH ere s bols él ab as Si qi € GA 4 mtds 
+ pl hs LS sol de ga cutSi ad co Les Wué5 dla of 
plats Of, 6 à gts ed à LS ge co 28 6 31 0 360 Of dus Vs 
gb ail ads JG OÙ bis. à GISI » el ae Gb ASS gage le 
CS Gus 29 dalle AN pal 6 à Ch GG GR à SSI LRRS GG ass 
si Li 5 


« DU où ete vus gli vi 
CA 


Mess (LP) PA As 


pa Qi ds cal 3e gl or cal 2a$e 19 ce dj cr DS 
à all so at pes 25 La cpl oo 2e Et à 4 gra 
Op QE 8 da be ol 06 gay à G  dbes ele 1 us al 
de Bugs Cod ral» 4 free DU de ant ge hi ds 
3 de le puis (ll aug ps 25 9 Jyaie à) LS sf fes 
La og ls es cl acte dll LS à eh 4 Ja LS be 
Ge qe dé Us ee EMI 0,4 G col cb Les Ames Rs 40 
53 dep nl cpl bd fl ge 5 Le Ts Gal au 8 les 
JV JUN 5 à Ke es leu ele ge à ui ais of an. del 
Lg pa 0 Le 2 Men ao ct 4 Cent ae ci 

Kyo ao ge Jess AU eût sol qu ce Luë Gi el 
Soda CS ge et à ls Ge ge Dei ca D Lars We 
pars ge Dai à Août Jai ele j Achall Rally Zlio EE] 
À Nail er1 es peu 21 Goal be des ge sil g Slt, NS 

| Gels of cat y SU âctte Labs ÿ Ze f Ha abs Qi col ps 29 
JS il Le cas lol ge Justes tete ele 61,5 Qi do dell U 
Ad Us dôlyals Us Gal A rss Get da ge ge El 4e GA 
DES » Jill Das Us . Gel on gp qd » 2 alé (25 GE pull EXC) 
3 dre de des 25 ais gl de or Getial ele gli Gé CE 
nl Jai g CE e Us 1) Gb Sal Gal abs ab 25 
lis à Ji bia 4 à ASS! dr na € ag al sn « 4 de ge 


EN BE JS G GR AS (1) 


Le y dus OS 3 vo pl les ls OÙ GA Bye GS ÇA) Lt of LeŸ 
Call ) gén (ait LAN et es LS Le psg du Ga Coll Ge pas 
doper 5 . Cdi ét JE pli je RS ol IR al el es 
CE dl Dead Lens + AN Adi Ge pulls cali had ÿ 5,45 JA 
ae Ci b Juil des se 8 ai CS As « JA La Gi & IR OI] rem 
Es GA JE Ce 8 ELA All pi AS Go 8 à ASC 4e RE 
eV LI de os 5 4 çoile de Lexilal JR de (ls 36 3 EU 
shot OÙ NI los Jde Lui 0 4 G SLA ADS at DS Je UT 
2e Legs LAI él Lel Ga BU J 2541 ce Le si 

dj ol eh es ele LS Ja pe ge dgll GES (ele Le 0 
558 48 jles web] Ed uméll ol gle gb de Lelle 6 «LE à 31 
club sal Je que HE ce 4 Li Cl Eu Es ca ei Laos e al 
uél Ml D plat sas DE s JL Jlatt ce 813158 Ge af es aub n8 
5 0 us à BB Jedis 8,4 Eu Gjlse ee eû ls Lis A OUI, 
ge dre SL gi a peuplé loue ul ol OS Je JR one JA 
car Ÿ af 383 Lie Ju dlage il cl ael as. d sales 0 ad p jé 
+ Le ju RSI gllaui L' ÈS De Cou Vs be ones glaui Lee 
as L Gi et Ge ES as Les LAS aa Qu (AI de lb aeal DS 3 
de JS Wagss Lu Lei au 403 Ds. Go3 Seë DES ce 
- Jet la 6 gôle quo 


dE Ls gs 


CF ess doll CES ae ee Lo! € 
d 8 CSI 55 Le DV JS lé LU] 5 os Gé çe éd 
bal is bij. JS ue des Girl à cer CSS LElals et cs, 
cl ob Gal GS Le JSTs of sf Qi) pe ill a Ÿ igll ts 
deals AT ge é LU Lai qe 8 UE Le ile deu si 6 3,2 
sal es dl ge Llins. jsgtll dll dll 5 SN aie pe le (PEAI 
Rés Lis alt], Gi; de Ju able) s CSI ia JJ SUSYI QI] ebduls 
Le ANA M D,ts dns ol sels Soi Jundl 2 ui oia @ Gi las 
ul Pl oda DŸ eu co de his 23 LS cral 3hll al Je > di 
D Es SN GANG end 2 Lei Lie Leg ge I Vs ci 
dl ol ge d âclall ali Agdlll eus3ls Bad So LL GA ère 
gré cp aÿ EL EN Gers ALI de ls ouf 558 LS Gnes Ôf 6 > AS EE y 
En ue, aie 0 Le AS Lies DES ei Dés GéÉs dos 
. JS DR L 


204 ce à dll oi 


gl! 5 6 cdi \ob GG oigli St 
A pl ol ol le ai Jia 


Lait 
«JS äbs 242 Le 3 Ji Jrad 
Call us il Qi Cadet fit Jrad 
à GA 4 OU ls ES Jedi 
. diler de darts ball sis 461,5 3 dt bal 
ol 2 ji de Jules etrall ode ge çs elle ji els 3 ds âled:! 
- ds de Je JA Qu 
«dpi 32e de 5 AS actes ca Ge Jai call 
«paies Vel dual 2e Le G JM all 
à col tal 3 ji ad 
ga ad pa 3 6 all gs des El Had 
2 AB 9 al al 3 qu ed 
DL 5 pond all 3 get Jai 
. Ai Se 3 li Jai 
DEN Dhée ÿ gli Jai 
. Ua &s G cpl Jai 
. DVI &s G gli al 
à Es doll ele d ul Jai 
dpi 8 her Jah» as 2 3 Le Oo Ja cs! calé 5 Gt cl 
.3 pad Yi aus 5 JAN Jrad 


Las 


de gite Li 
Lie jai RE Las lt 2 (I BAM pu G gi Jrad 
oil 
r Gb 45, Le GEAI LAN 5 EI fai 
+ LEA élu aie Eh Jai 
| AA gr gmail 
GA GA 8 pes pers lai «1,7 Jill ,5 us bail 
+ ae Gslatels Las ja 
+8 bad GAÉ ENS Les À Qi Jrad 
+ 2e 3 lae (Le lasi ji Ke dt 3 cat Led 
- DK AÏ sd Je 44 ga Had 
+ Mlle Lai (Je 335 2 a 8 5 Sal Lil 
+ dis Jai 323 Goal 51 al g gti SU 
+ hs de Ji col de OLA 3 dti OL 
+ LS SLI 5 M rat 
2 AN SUN 5 GE dJail 
: diheï Je charts 45 IS cali diet Side à as ou 
dde pl Goal Ji pal D gglessli 3 JM ad 
+ Da 383 Ji al 
2 AIG call Je 28 GE nl 
+ dal coll es 42 EN a 
2 Gal ddl 47 15 A Jet se et pd 
: Cal dl je QuaE pui 
+ Cl SU, OUI st nd 
- dl d gli al 
2 Gall gel Ge Gall pd 


202 CCTENECS 
ARS cl ei 
- Gi Je Alall al 
. ol diet de D Slot it Jrad 
«ont de Jertrs etai ais 5e (hall e ji ael 5 3 &S dla 
: dalai ge a pHSN Jets ani Tone Lée 3 JV tt 
ans Le GS PS Ni had 
Une dés 514 Le lex Je & I aie Vi po Gé GUN ad 
. ddl 
2 seai Lust s Ltée le aus a di cn él Al pe ddl bi 
£aäll 
2e ul 3 dt ad 
eat Dai Sd Jrad 
al pi GES ad 
aigles pie 3 el Ji 
M elri SRe pat Jai 
pal ces dell Lis G pré di El, 453 bi se lé 3 Qi deuil 
» der ge Ve pAKI Jar ds eh çÿ Jul AS 5 Jaals 
+ el de Jets LS ja Las pèse Coll 2501 3 SN dlod-1 
à J'yai Lun QE Jartis ss Vois al des sel 3 dot ti 
go ll 5 Ja Jrad 
Ve je ue, Gaël 
Gal & ssl Se EI Jadll 
nl 3e sol Ji Cu ve 3 alt Ja 
co gÉ 3 So er ol 29 Ÿ 02 48 28 um hall 


ée et Qi 
- les de Jets 25 I cod a ssl IS Lt tt 
+ AV sis Le 35 AU So Jo La 
+ LS Goal & got Lol 5 SU ad 
2 ol de a PAR aus ol ge AT A 5 al 4 Zi du 
Lai SH Late le Jets GA SLA G Us Er] 
Las 
+ DVI Go plandls Jai ds Jai 
2 Laggtl GG aus GUN G QU ad 
+ A GES pal 
DEN Le gli ad 
+ ON me onalll Had 
DV list Gens bad 
DEN LE ll Led 
2 OV G Jah 5 Sat ad 
2 DVI Slt 8 EN pat bal 
23 1 AU Lait 
+ Eat G yée ges Ladl 
- rod à 728 QU ail 
- ét el G 42e EI Jadt 
echAl d Hall AL 3 4e quil Led 
AE ÿ 42e Qullt Lai 
NI Gsés dj ès Quoi Jadl 
«il 428 gli Ladt 
+ LE Gébl xs 5 G 728 col ail 
2 Gé ol LG 428 qutl pad 


200 seb j ill 


et GEI DS A GG ds päall Hadl 
+ 6 0 jé 3 LE Ja 
+ cl Got qu, Ji Ds alle SN Jah 
- Gh,4) G 83 ès CIE ait 
DEMI GLaiNi G 09 péalls ul al 
3 A QG Os pénis al hell 
+ ils Gt ele 2 09 talls slt Lait 
I Gal fl a G 0 En gt pad 
SE pa G 09 ans Ga Ja 
+ Sad Jet G 03 éalls ut Had 
- Sal ol 5 0 SN Led 
ON 6 8 ab 28 Tops 25 QUI ls at 
+ Ji 6 Je et ei PASS GI 21 5 Gt OU 
+ + ji G JS ail 
- Si 5; G Gi Ladl 
+ GARE de 3 JU Jrad 
Sol duée de Les PAS Jasks Lan ge deu Ji Lt sl (3 AN Aladt 
.oist 
dauäll 
de Di a Joss. arlli aa Ji Ba 51 Ni g Jai Qui 
Na es th 
ea G JS ball 
ll 5 ji EU G Ut Ja 
- 8 ai G JU Led 
+ Hoi EL 5 SU LL) 5 gl ad 


Fv 


Se qi ji 199 
+ DJS alt pad 
+ Roll g 25 Ji out 5 ill Laël 
+ ali Got JV 6,5 Qi Jai 
del cat Jrad 
8 EN G gti Jai 
pr de AI ol élu Jrad 
- Eh G Lac go Jai 
+ Leslal dolti RAI 45 te ti Jai 
+ al ,3e JU ad 
+ Jgnai Ange be Jan s 45 AN LI QU gel ol aN 5 dti OU 
+ 4 AN Gi G slt) Lt 5 Ji Jai 
es a Ars 5 3 Si ad 
es slt As 1653 85,3 Ge 3 EN Led 
3 5 ha 31 5 al 41 CSL UN 25,3 dJ 35 Si Jai 
. ds 
+ 35 41 Lé FAN RS GG A pad 
+ 48 ja OÙ 5 Cast bad 
rLesdls & sb I I Vel je &5 8 se G CU Jai 
Jai (he Jose, 45 PAS 3 RL IG ll LV NU 
+ Gal BL GG J'y Lai 
+ ga 65 I Mad 
+ La ll 3 JU JL Vi 35 3 ES pad 
réal dr ge (oui LM Las Ga QI à sl 51e V 4 gli Qu 
Jeë et SN, Gall, pli es DA bell KS 
+ J'yai 5 le QU is 3 PAS 
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198 CRRE"ECS 
+ SN us Bad pl dit Jai 
- il Gé d gli rail 
. dl JU el GG ES La 
à J'y Œi Je Jess AA dax sal à Ar lot 
. JA g ds Jrad 
2 By dt Jrad 
les Cl 35% G EMI La 
de Li Jet PAS, 5 UN 8,81 Ji GS SlNI G dual lag] 
. J'yai dus Ladds 
à aäll 
. eh ns G dyMt pad 
2 8 SAN nus elaal 3 GI Ladi 
LH es pb ES Jrad 
+ 08 G gl Jedl 
+ Ghaills el ce col 8,5 à Qall ad 
gai D Quoi ail 
NE 45 325 pad 355 à gli pad 
aa is Goal chaMis Shi I &gll Ji Vi à duolult dat 
+ J'y 3) de Jette Les PASS 
à all 8 6 JU JV G Ds had 
AT 8 be 86 JU Ji pe jt Jai 
a Bb 26 Ja Je JUN pal 
Co Ge ll LA ul Ji ei 5 qu sf al 
à dal le hits col al el Qu di 3 pl él NI am al 
+ dadi SEL QU 5 JU 51 ,aV 3 st bad 
+89 gll ant 26 sin SLAM 3j ad 
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197 = gl Ll 
CE 4 VS 

SEA OL hs A cu GA GE 3 SOLE QI 03 tal Hal 
Lu Dyts Vs du 555 VS di OI NS de Gus las als JS 1 
WI y ob db, Qué JU ês © is Vs Gas Vs Dé L'EUTS 
EE + ES ge AA LA ds A Ge Lez EU Le 2 ASH 
Nu ps LI RU pas DEN LS als du iQ so CAS Le as 
La a 6, D Al us lei de € 75) Le Vi o,R gébi Ji ll 
UV SG cal QI à JA 351 so Ji s OV 653 call CET 
FEU due BI RS GA G ses de US DS Lis Blend 52 DS 
SA Juil Je sl Eb Ge Jaës Les 31 eeels Lui EN goal ps 5 bad 
ge el GS IS Ass 2e Ai Dar dei aus 465 oo a Gi JuëVl 

- ps dé ai 


deu d JAN gs. Blsi Loge sie gi 2 A UE Le 485 
GA dl alé, pal & ge 5 al de us do Ÿ Léa Got 3 ja» GAL 
JE pes qe oi 8 SG 0! Qi ga. él Ai sl 5e en 
Duo Gt obt OV 5 Les ES gs. Les 33 so 3 
ge Se 8T gels By2s dj us El. su; dis, Get ai 0 Ris Gal 
de os. ge gai del Œli dite Vale SG Vs Eul3 es pr 
SA es pull Lie 0 OV pes 46 Lena Li je dole SI AUS put au 
y GS) salue ps Ge DS 459 ol po Ge OX As LE lai DS 5 
Sa adéVi LS pu dl, jalle eetil deglte ge LAS dass WU je 
+ O5 sé 8 salt al Us be alle al sl 


Shi Ge ol5 Le ae dass QG Lis GAL AS Valle à A Se oleait 
Na, Les ps DH, le G,2d1 0, OÙ ds gs ls: Bd, 
- 5) dla 8 5 


196 dal bg oil ot 


de gpl 0,3 JAI Ge ait 5,2 0,6 où di gi ae Ll 

GS Gite 2e 88 a GA OR OÙ EI gl ae Lls . 3 45 

D 50 age as DR Gé 06 gli g Ai ae ls. cri 
à GLEN Je ti US ae s 2 lo sell 8 5 


eau ae OS Le & Male 0, 431 OV Call pe 3,5 du OS EI «53 319 
- dal las, é gr dis 5 yes 0 SE Voie Go DV labos RL eu Le aude, 


LA E 


A6 5 à jou as Go ge I Dai 25 N,6 lle © Li de Li gai 
eeflés qe pe 5 coll Go ee € Ji ce Vst fus chedt 
bye EDS sal pit OISE D sa b 5i ut Le 35 51 5 
OS, SAR gnl ebe e ES gljal J'aadi Cu I es él a EU ue Vs 
a Del ga 4 Vols és all Vs bol Ga Slt le El 
RU pool ls de ls A QI, Ale AS bus su Le Mlle, 
gels di ph ge CRE pal Jaecl Bl. Sbédls ais Si 434 
Lt ga a Vs sd AS pe OS; Li de ali pal, audi 
be PAS db; plis Jui Cdi, dbali, Lil jets bi plat 
lg res JS dalle Gad 5315 Guôs Qt ab, » sil Ab, 51 
lie dl 

Sa és Gé Clé 9 2 gai de JAM pod pi 5 pe Ut 
ap ges. dyébles b DLL ji LAS GLEN Vis CAT 06 SI jan 
Ma pie Ge je bé Las Jen Gym Of Qptoll 3325 # je ab 4 al 
Jétu bus JE; Valle 025 OV Ua Je Lou Ladil Je a Ji 
oé pe Vo de 0 ALU sf Lits Je JS Vis 2 gb ele Gus Vite 03 26 pue 
Mi Le Gt je as CS 51 (Ga Vs GéËl mas o3£3 SU TEE La Qi 
2 EG Gall NI NOLANG 2e, Le qu DS VHS. LI 

CHANT ee Ets JAN doi ie ME y êe SI LE de dles QU es Vis 


LA] 


de il 195 
Aolés pooltll Je Jar 32es Le EU dus 1 Mi pal sal, sl 
GSÈ EVb Cul JeSs Cl pal CLEAN QI O5 de En f Jynall 
Uly. ŒUI ge ai a VEN Go êue di 3ls GI LT dd CU nn 
+ AI Ge dsl ag et ess a LS eV éd gl A 


de gén OÙ sl 29 ya late, Ne Lt Gétl CIE OÙ OI LS 5 
SA os ja, LI ébu êle & JAI ba de (Je o 2 es JU 9 be al 
1 ol dix À dun À EAN ab eue je col la al (Gel 3 5 
dela 339 3 coll Le dub ele As 2544 piste ele dx 
spé S331 Gas con hé el je p 5 136 . QUI &Eué de À &e pôle 
GlaVi ce als 03 éb ERORCTE D 63 ja ëjèo e 
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co EL Go 65 pioléll 
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El pardt Je. abs col ©2137 ©, Cubes WE Yi 
cs call LS JS I5I LOL ÿ and OS Lau Lg eg DIS 45 23 44 
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Sdall Jai Late SRE N odes due dl ji 33e el NI ES Ge OÙ Lace 01 
ant 3 Leôlé V gl 473 OUT NI Llles mtes Qu eLd la OÙ ls sue 14 cas 
du DR I DS y afldcèls 628 GK À Vs Ulles (all Ge poË ordis lé 
de Ge gb 2 di ab di >) jé 45 845 Ÿ 51 ah, dj db de 
and 8 Goal de de paébus Lél 4 Age 5e ab nés nel Ja ge dote 
ga Le Qi Sul 1 A el al 2 51 Le © T9 Cm 31 Gal OV 55 

- Candice U Le ae A SU Ge Le 3 As Sc 


c5 AN AS Vs Ai pur SV 2 5,281 Ca Le M 0 5 ANS Las 

ED pa We D 5 AA eg 3 aa LEA 323 Vs el 1 le ll na ls 

Be Je ets Li Jaë V lé, classr se odle Ge JS 3l odle de 
+ DE es Le ge 3 dl 355 Ge Le Aie Con els) col 


8 ni Je 5 41e sde Je D KG 0! CS AS LS LAN IS 3 à d1 ds 
KEY Lee els les LA ge Le 0,8 Y 3 Qi OÙ gps . AN gl de 
NU Less laase 2 3b 52 LG cal ES Vs Oh ce ads CE 
Ds #Laall La Lge du OÙ ELU MG 3,5 35e 342 ae So DS El 5 LA 
Au sk Café Al ele du L ue Toi ae N 8 SI 01 J 5 Gi (Je 3 
LU GS etai Lin Jan boat ie 0 Ki 01 jm CUS Ge Wal 
sai ie OS eds elle las ds LS ve O5 at Lo,5 doll ei élu 
4 Bud ge jeu la Je je 5 pas dl 


Sais 46 AS ds 3,5 443 L'anctall Ji ce «lai Ha O1 SJ ob 
Les Coll auulls IRL dus Dies je als ce 5 mu Ge ai 
Er e5 grntll ess Ge 5 Wie y AN SLAM Ga os 2 9 
. Gel d yes Le LS 
ail el 61 Ut . dalle Las Li 0 ,$ 0 5e Ÿ SLall ode que Li 
gel Par» 345 Caall po NO ES s Cal 3 JE 301 ÿ à dalle 006 ali 
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dsl Hs Vos Lab Vétuull, 2RLI Us. 53aûll lin gb Y Le ss 
PS Jyail où pis le 32 Le an els Ge Vol Co Jp et Ge 
LE ge +5 5 pl Li pis ae 5 cr 8,4 Uls gli 51 a 
Dr dd 85 Léa ce and Lb Gui èe Us. Jyadt 8 
pe DR dl be Veil al dt OÙ Je. La Lin Aie de El ge 
ASS ddl Ju ge dbs ep, 5b GeY 2 oui dû As ab ge eus 

« us lis ge Mo de Es és AU sal 
Jai SIA dis all 9 5 AU si tu 328 de Gus 6, 
CARS ETAT A Lt ous Ji 45 de ils cé 

Par AA A aa à sa ae dote a aus 28 Gi y AE Cdi 
A dis db Geo 3ù ae Val au cp y Lg ne 0 Ki 
does ai dlaéY D 2e, pes lue EN Gus bn 
pad sh Jedi du JS à gl GA 151 SE de du 3 Li st 
ré Je 23 LA 35 UN DA 3 Bo JU GUN OUI GR GL , 
ÊAN dense 35 1 LL 4141 GA ee Ga 31 a Lis 
di dia Le 203 Ai opel DS SU GLS BJ éib ab Ua gs 
FAC A A D 5 sad LS 6 SA ce note one se Las EN 
Due LS ie qe 8 a 5 ai saalae © a A Jedi LU Su 
PNA ab 55 9 dB 8 EU pe JV Ep 3 pay tt 
2283 la ge fl d 24 Le BST 4 Mi 3 peer ane Eu y a OUI Dés d jou 
15]; dla (dll OÙ 24 à ju SIA aan cpèaall 3 où ,5 3 EAU Sp à 
Ne 4e ae (3,2 Li, all je el Lx 9 b El dal, Jai sat 
MS Co TAG à Ad © 5 Le le JL Lin ASUS 5,28 Go ,e pa OU 
- il Ole, ot Al, RL 
ll die cé, plais 4 (5 states SSL CH jui al an 
PL se ei 
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Ca ras el eds als De OA à Vi lacs d1 ce po 
bo 
eu A ass olbls ELA ge Vs ab a Goal 
cs Jde (él OÙ ES ARS s di je à 6 le Lége JON oi où 
as 49 er 365 41 4 LA GISI OÙ pol Ab si St L ane 
rite ghis it QE OÙ padl Ua GG xls 5% ge &li 3l Chi pli 
«LA Less M TONI à 5 0! à ES 5 GLadVi JIM Gin 
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. 4 Y 
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cl dede ol 5er La pés EE 22 a di > Ji cé ji als 
fuel Lie cat GENS lei sutus LAN es 33 cas D Aa gi Eh 
ACER RES EE PE CURNEER S eh 


dk solar ds) à ab A6 a a el JA ÿ fe 
ds OÙ 5591 Lao G'oppill oh ae Cd JU GË pau dé él es 
D A 39lu8 Ni pl, DS ès do Ge AE 99 € LA 465 Wal 
os St QU BA 33 Lis Jacus pli 296 dus af à pie Cr] 
go Des pass haie; pays dis JS Ge Lis dite us S33ÿl 
D ue ne pas 

SL DSL JS fé pladi Jus Vis ddl Else 2) Gll G Lé se 06 
GAË NS nl él £ G geNi pe Lui sl pui DS6 La dus pond 8 5 aus 
Ib, Le JU ae 15tis 

98 pulse ELA 2354 LEA dus Le GS ji ts Dé Li 
83 ëbe He Ni eb plti GS 3 2j, als Leals 2aL 51 di dé 
ds dl 5 85 Lalle NU als El, dal Ci SNS Ti Lab 
dletls LES, MS Ali GhE JS Le Les eds Ja 5e CAT 
dés GI QE dù JV Us La GUN, à Le US, 
abs ot JR el de JS s5b6 BL DR dus el pal dll 
«La sé s ddl 

sijaills GS Ds Sd, EN sud 0 ,K3 de, Ji à ji 45, 
dieu 5 dés y GLoi CoLa & 57 el cos ds LL dt ns 
M pés Lait 393 es Gledl de dés 43 Sas fVls él 55 pal 
Jedi dal 

des JG utes JA qe gb dd 425 CRE EM or Les 


190 él + igil ST 
ie Se Jojl cell Qotll 8314 Las gs Le2s JU Lls el 
Gil dus Qebtll 1303 lilas Les UE als call ls délai 
à dre Le 
di Te pags QtS #lgall ln Je Lens Dir ele pl His, 
Ja Qu és hé Ale ce Giles nl 4e pa 0 véér 
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ei aus 
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A (mugla). J, T5, HI, the eyeball. 


SY 5 (naxalät). II, discharges, rheurns, 
dd (nil). 1, AK, AE, salt, esters alto congeetiou. 

ds le Omilé darän). TI, Daränï, dr An J515 (nawäzil). IL, catarrh, discharges. 

daräni, salt (obtained by the evap- Lots 

oration of sea, water). 


2125 (nashä”). 1, D, starch. 
Ses (malühät), 1, salty foods. dll (intirél). IL, extraction, removal 
ls (mawälif). 1, salted nute; see 335 (nufüdh). II, cavity [of the orbit 
note 21. of the eye]. 
ski (imvilà"), IX,TIT, congestion: rep 435 (tangiya). K, IL, TL, cleansingi 
letion. washing 
&* (manï). I, semen. 231235 (nishädir). II, sul ammouioc. 
de & JL (mil, pl. emyal). 1, AE, JL, m1 «4 € «plal (hudub, pl. ahdàb), IT, eyelash. 
probe, style, € 2 (dia). I, IL, pain. 
c4r (mihat. TT, a eedle for conch- 3312 (mdrid}. L, the one [of a discnse 
À 12e 2 cmaniet. ar condition]. 
SÆ Cas (auhäs mukrag).A, TX, burnt copper 3 33 (rward). IE, TU, rose [petals]. 
us lé (nukäs qubrus). IT, pure copper. 3333 (warda). 1, ‘rose-eaf”, a surgi- 
si (nadd). II, « perfume made of cal instrament: see note 32. 
ambergris, musk, aloes, and cam | 
phor. 


al 333 (woarag abtin). 3, Big leaves. 
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35 (hamara). Il, the glans penis. 
d35 (kammiün). 3, IL, IX, cumin. 
24S (kundur). TU, fraskincense. 
u#ÆS (kundus). IE, probably a type of 
sneezeweed, 6r possibly a kind of 
soapwort or white hellebore; see 
note 73. | 
&\3 (arcmikh). 1, (Persian) « kind 
of coudiment or sessoning, ac- 
cording to some, prepared with | 
vinegar. 
413 49° (kahrabä’). 1, yellow amber. 

ALET QJ (iubb otkhiyär). 1, pith of a cucum-! 
ber or squash sée note 19. 

ürf (laban). TE, milk. 

Ait Gr (laban jâriye). 11, tbe milk of a 
young woman or wet murse; see | 
uote 74. | 

HU (lhàs). IN, the outer angle of tbe | 
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Ib «8 «cb (mèg and mu'g, pl. mg). L, 


IL,ULX, tbe corner of the eye (can 
thus), either the june or outer, 

el Slt (al-ma*g al-agghar), LU, the small. 
er (outer) corner of the eye. 

pie) 53) (al-muq olafgam), I, I, the larg: 
er (inner) corner of the eye. 

25 V1 6 (ahmd*g al-akbar). 3, f,the large 
er (inner) corner of the eye, 

1235 )L (märgashishä). IL, mareasite; iron 

pyrite: also spelled margashita. 


(etudes (mubl abbayd alnimaresh). 1, 


yolk of « boiled eg 
351 + 13 (mélda, pl. mawädd). 1, 11, D, 

substance, matter, discharge: 

also disease-matter; see note 14. 


2 Cour) 1 IE, myreb 
9 33\3e (morérat obbagor). HIT, gall of 
oxen. 


ë w3A\ 55 (marärat oktoys or akiuyi). 


ba | | Es IL, goat's gall. 


t# (luhäm). TH, TI, meats. 


incl 6 poele (muliahima and multahim). 1, 
IL, the conjunetiva. 


JU 12 (mararät al-mä*az). IL, buek gall, 
). II, sweet marjoram. 


+ (marsanji 


G3llèt (lakmat al-mu’a). IL, HI, flesh in (52 « ll (marag, pl. amräd). L, 1L, dicense. 


the [ianer] corner of the eye. 
p23) (lus). TT, tenacity, adhe- | 
siveness. 1 
Sas (itisäg). 11, ILE, adhesion. 
+ Cou (taltif abghidhä'). 11, regulation 
of Rod; regime. 
al ele (mil‘agat ubmil). 1, scoop of à | 
style or probe. 
Li (lagf). IE, excision. 


Lis) (übiyd). U, (Greek) a type of | 
Jegume. 
ll (mà' akàs). LE, extract of myr- | 
te; myrtle-water. 


valôt Ji eL (ma akrummän al-hämid). TT, 


juice of our pamegranate. 
gti ele (mà' al-shafir). L barley water. 
EAU SLI D (md° alsummég  almongi*). IL, | 
juice of macerated sumae. 
w## 3 AL (më* almarsanjüsh). IL, extract | 
of marjoram. 
Jdi:L (md* almafar). 1, rain water. 
2391 4L (md abward). IT, rose-water. 


3e uv + (marod Hädd). 1, an acute disease. 
de 0.7 (maref musmin). L, « ébronie, 
long-lasting disease. 


ie 512 (amräd mufdiye). IL, transmise 
di 


Lo ul 1 (omräd mâddiyo). IE, diseases 
characterized by an abundance of 
discharges and hmnors; see note 46 


el oôl si (omräd imtild'iya). TL, diseases 


characterised by congestion, re- 
pletion, and defluxion; see note 46. 

25 » (marofiyo). IT, diseased; una 
tural, not part of the normal, 
healthy state, 


+ (margashitä). T, mareasite; iron 
pyéite also spelleë märgashtshä. 

El (misdj). 1, JL, tempérament. 

&be (risk). 11, mue, 

utte (mishmish). L, apricot. 

(maghara), HIF, red clay. 

ui (maghnäfis), IL, IUT, miagnet, 


GLOSSARY OF TERMS 


urlhe (fufés). 11, sneezing. 
ie (mufaffina). LIT, caustie [drugs]. 
JEU (alfa). IL, the patient, 
 (ealig). TL, HU the eaisiag up of 
the membrane of panaus or 
pterygium by means of small 
books. 
ke (unnäb). L, fruit of the jajube 
tree (rhamnus zizyphus). 
28 (fanbar). IT, ambergris. 
à\ à (ghardghir). LL, gargles. 
412 (ghisha'). IN, HT, membrane. | 


23185 (ghishaiea). IL. covering, veil, mem 
brave. 


AJ (ghôliba). 11, black nightshade, 
ild epecies of solanum nigrami.| 
(ghilza). roughness, scaliness. 
tte ous 35 (taghaoïs alsan inde). IE, insertion 
of the tenacnla [into panmus]. 
SLUS (faräha). If, ‘openers*, surgical | 
instruments for Keeping open the | 


eye. 

Loi (isifrägh). 1, 1, purging: eliraina-| 
tion by indacing vomiting. 

di (fasd). I, HE, bleeding, phlebotomy. 
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GA AA 45 (aishr akbayd al-fart). IL, shell of 


« fresh eg. 


28 Je 525 (quahär ajl al-kabar). TL, bark of 


the caper-buslt root, 

oh 325 (qushôr alnuhäs)., seales of copper 

5 2 il 25 (g0sab al-dharïro), 11, sweet rush. 
af (ot). D, TIR, excision. 


ZA qui (gof* abqulfé). US eutting of 
the foreskin, cireurcision. 


Zi (quina). I, « piece of cotton, 
Ghé (quin). IL, catton. 
Gall 35 (ga*r alain). IE, the orhit of the 
ee. 
415 (qua). T1, the foreskin. 
u=älà (aalgodis), II, green vitriol. 
224 (galgans). ILE, white vitriol. 
LS (gamädin). !, sealpel: see note 32, 
&3% (tagwiya). I, I, measures which 
strengthen. 
3 (quua). IT, faculty. 
JS (gïfäl). , cephalie vein. 
DES (kattôn). 1, If, linen, fax. 


29 (kabar). I, eaper, à prickly 
Mediterranean bush. 


D y55 (ad). 1, TI supertluities [of | JS « JS (ul, pi. aka), T, I, TT, a type 


the eye]: discharges, | 
dé « dll (fit, pl. af*at). WE, function. } 
Lou Ji (A1 ajabtfe). IL, the function | 
of nature. 
SU (fäkiha). L, fruit, swetmeat, 
dl (fifi). K, pepper. | 
#15 (githiha®). Là variety of cushaw 
or melon, see note 19, 
232 (ar). L uleers; uloeration. 
TA (tagarruf). T, uleeration. 
&= 2 (mugurriha). V, uleer-producing. 
wôl& (migräd). IN, sciseors: 
E$ (qur‘). I, a variety of squash, vege- 
table marrow or pumpkin: see | 
note 19. 


SA (garni). IL, UN, the cornes. 


de 


of compound oeular remedy. 


D ALU JS (atkuhl ahbäsiliqün). 1, IL, I, 


the Bäsiligün (Royal) Kubl. 
Fe JS (alt jallé'a muhallila), 11, 
cleansing aud resolving Kuhls. 
gb JON (okkuhl al-ramädi), IE, the Asb- 
Colored Ki 


LES, Ji JON (abkukl abrüshnäyd). 1, 11, UT, 


the Rüehnäyä Kubl: see note 27. 
281 SI (akkuhl ataghbar), 1, U, HI, 
the Griy Kuhl. 
JUS (iksihäh. J, I, HIT, annointment 
of the eye with a Kuhl, 
«55 (Eurunb). TI, eabbage. 
L2S (kasht). TL, ablation, Akinving 
(used for the removal of pterygium) 
JAS 1 (ik. IL, “ervwn’, te limbus of 
the cornea; see note 61. 
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33 xb Ke (sukkar fabarzad). 1. tabarzad 
sugar: see note 30, 
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SUN OLA (ashydf al-summäg). 1, the sue 


mac Shiyäf, 


LI 5,8 (uk ahurge), IL. quiescence Oki ISLE (shiyd at-istifHign). TL the type 


of inflammation. 
47) GS (taskin aharaje®). 1. 
ping of pain, the ass 
Cd (mislakh). IL, TI, 0 thin seal 
peli see note 60. 


ti (masämmi). 1, pores. 
lee (simhäg or aumhäg). 1, periera 
nium; integument. 
Ge (summég). IT. sumue. 
Le (snmak). IE, fish. 
He (somk). TT, thickoess of [prery- 


gium]. 


the stop- 


ü= (siman). LI: fatness, obesity. 

di El ee (60) misif ale‘ain). HU, iabolan- 
ced temperament of the eye; 
dyserasia, 

g213 3 (sawdéciyy). TIT, melancholie. 
ur 2 (sis). NT, licorice (alyeyrehiza). 


Ge (saylén). IL, weeping discharge; 
Howing of tears. 
gel (shädiniÿ). 1. haematite. 


ré (sha*r). 1 eyelashes. 

15 2 (shafr sd'id). 1, excessive eye | 
lashes, trichiasis. 

im). IT, the inhaling [of 


543 « GLS (shiy@f and ashydf). LIT, TT, a 
type of collyrium. 
1 SLA (atshiyäf al-ahmar al-hädd). 3, the 
si  Aerid Red shiyäf. 
call VIS LAN (atshiyaf al-akmer al-layyin). 1, 
the Mild Red Shiyaf. 
451 GLENI (ahashydf al-akhdar). 1, IL, the 
Green Shiya 
golal SL (shiyaf al-dérij). M1, the Shiyaf 
Sin current use'; see note 70. 
Dé al La (a-shiyéf al-dinérkhän). TE, the 
Dinärkhün Shiyäf; see note 80. 


SLI (atashyd 
og of pain! 5 be 


ie Shiyäf: see note 72. 


al-tarkhamätfaün). 1, 
111, the Trachoma Shiyäf. 


25 (ehiraÿ), IN, (Persian) sesame seeds. 
4 (sabr). IL, aloe. 
E2= (sudgh). 11, the temple, 


25 he (qufra al-bayd). 1,11, SIL, eg yolk. 
Zandili 3le (sifôg al-multatime). IL. tanie of 


the conjunetiva. 
à (amogh). 1, IE, I, gum 


3jbe s ile (sunndra, pl. gandnir), I, DL, a 


small book, tenaculum, 
dU ,2 (darabän). IL, throbbing pain, 
Ab (tabi‘a). IE, nature. 


Le à igpeb (obiiye and fabf5). IL, nat 


ral, normal, healthy. 


eh de EE (bikhdrij “an al-fabf*i). IL unaatu- 


ral, abnoræal. 


ie 2 (éhayr tab). I, wanatural, ab 


normal. 
Z&k (tabagät). IL, layers [of the panaus] 
&äki (tafiye). 1, anti-imflammatory 
measures or procedures, 
Lie (mufaffiya). I, quenchi 
Hammatory. 

3 2h (gafara). IL, AIS, (literally, pel- 
licle) pteryeiurn. 

unis (fadas). I, lentile. 

dei (tufdil). 1, restorative messures, 

«lei (idd'). TE, transmission, sprend- 
ing [of a disease]. 


tin 


2 oôl #3 (obträ alläsima). 11, the con 


ditions following « disease; se 
quelae. 

334 Curüg). 3, 11, UT, blood vessels 
in general, veins [of cunthi]. 

= (fasal). L, III, honey. 

+2 (fasabiya). TIT, nervous [parts]; 
see note 77. 

-£e (Sud). TL, any part of the body. 
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le (mihakk). 1, a scraper. ubtallelss (dard al-maghnätis). IT, the me- 


: « dicament made (rom magnet. 
dé (ahlil). L, resolution: power to 1 né 
alleviate, resolve, dissolve. 2335 (dharür). IL, ‘powder’, à subelass 


Ji£ (tahallul). 1, HE, resolution, dis- ‘of kubl, a compound acular remedy 
SU » (mar'iyät), I, vision, viewing. 


solution. 
ile (muhallila). 11, TUE, resolving [mo- Ale ; (rijla). X, garden purslain. 
tion; kuble]. 553 (radä'a). 1, detrimental nature, 
Slip (halliodi). 1, swectmeats, sweet da bad quality. 
tes, sweot frui labs cotes (mtüte, pl. rufibdi). 1, 11 hu 
flo (hammäm). IT, IT, steam bath. mor: inobture, 
y (humra). I, II, inflammation; sb 5 (tartib). 1, cooling measures or 
reddnes. procedures. 
AL (häta). IE, state, condition [of | (2) EU 3\ (irtifä* fan). 1, detachment [of 
the eye]. a membrane] 
past (al-mukhaddira). 11, nareoties, 43; (raqaba). HI, neck. 
soporifies. de 3 (ramad). I, IT, ophthulmin. 
SES (khushkrisha). T, (Persion) tbe | Sy 3, £ 
ut  rrobolasmeet, Sa) jen ai at TAN, aies 
êre La eut D à 53 (rummän). HIT, pomegranate. 
dE (thol). IL, vinegar. Fée) I stomatie pass 
27€ Um EE Wing 233 (risha). AIT, à thin feather or 
5-5 (tadkhn). 1, corruption of (rmat- quill used in removal of pteryaium. 
AS dr > (10) LILI, salive. 
San à 3323 (durêr fr al-Surtg). V1, engorge- in ä 
RTE ape € ee 


vessels. 
is (dama). IT, lachrymation. 
ÊLs € Al (dimdgh, pl. admigho). HA, broïn. 
&#S (duhn). T, IE, IN, oil, oïlment; 


Ol e5 (sa‘farän). 1, II, LUE, saffron. 
&e 7 (musmin). 1, chronie, long-lasting. 
385 (cinjér). L, IL, verdigris, oxide 

of copper or iron, 


see note 33. 

v V 
de à 2313 (mazdoïr). 1, a variant of masde 
die jus ns alqutn). 1, duhn re 

ur given the sick persou; see note 20. 


LA 523 (dun àl-qar®). JU, duhn of squash! 
323) 55 (duhn alneard). 1, TX, dun (oil) | 


(iyäda ajabiye). I, nervous 
excrescence; see note 77. 


of rose. d= (abal). I, HIT, ‘rain, trachoma- 
Ai 334 gas (duhn alacard al-muttakhadh min | Ed pen 
uses obabireÿ). IE, duhn of rose ta- Se (sukhäna). 1, fever. 
ken from sesame seeds; roc note 65) Sy (sañiét), II, enuffmedicines, 
ul Eur (tadhin: abrd's). 11, the aanoin- sterautatories. 
ting of the head. Les (tasa nf). IT, euuffing, to take 
dla 6 &usl (amd, pl. aduïye). IL UT n (a medicine) as sauf. 


drug, compound remedy, medi- | JL Se (eukkar Sulaymänt). IT, Sulay- 
cament. mänï sugar; see note 30. 
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[The Roman pumerals 1, If, TIL refer to the sections on trachoma, pannus, and pterygium 


respectively]. 


ch 


al 


sugar loaf; seé note 30. 


, stiboite, à native trisul- 
phide of antimony. 

(jp. 1, a plus or pear. 

(s). 11, INT, myrtle. 

(ix/id-bdj). 1, (Persinn) a dish made 
of meat, onions, butter, cheese, ete., 
07 sometimes simply 0 bread aud | 


urlel 


milk; see note 22. Le 
we T € EL (af, pl us), TL, physiciun. 
GS! (ushshag). DIE, gum ammoniac. üé 
ur#il Ji (as at-süs). LUE, licorice (glycyrrhiza) | 
root. clés 
Dyesil (ififmän). L thymeweed. 
L, eadmis, calamine, saine | <Slèel 
À! (olam). L, pain, irritation. 
3251 (ansarüt). TI, sarcocol, gum resin of | 
« Persian sbrub. | rs 
81 (nf). 1, the ose. 7 
GA (bothriya). 1, resembling à pimple | 7 
or pustule. ( ae 
3313 (baräda), IL, a coolant; synonymous 31 4 31 
with barüd? Bi. 
332 (bardd). JT, a ‘coolant', a subelass L 
of kubl, u type of callyrium. Lac. 
2532 (borüd hindi). IL, Indian Coolant, 
a type of collyrium; see note 71. LS 
ls Al (akmubarridät). IX, coolants, herbe | 31 
or drugs that enol, ai 
AA (tobrid). 1, A, « cooliog property: | Ge 
2 cooling procedure. ES 
slule as (obrdr, baçar). IT, vision, night. des 
Jæ (bajal). TI, onion. | 
SL (bäqilä). IT, Broad beans. | 
3e Jyù (bugil hädda). 1, pungent vegetables. | ii 
2 (balgham). I, IE, phlegm. de 
t-À3 (banafsaj). I, (Persian) violet. Le 


Gbhäm). IL, thwab, 
(bawragéyo). J, nitrous, 

(batel), IT, urine. 

Uhawr). T, pustale. 

(thüm.) IL, garlie. 

(arab). 1, trachoma (lit. scabies); 
scabbing, itch, mange, 

{mujarriba). I, trachomagenie [me 
dicaments]; substances cauting tra- 
choma. 

(ojff). , drying property; drying 
procedure. 


(mujaffifät). 1, substances which are 
drying or descieative. 

Uiafn, pl. ajfän). 1, IE, HI, eyelid. 
Goll'). TE, a cleansing or purging 
power; aleo an ability to brighten 
and polish; an attributs of drugs 
and in particular certain kufils. 
Gild). TE, skin, 

(ujub). 1, tunics. 

(kiddo). 1, acridness [of a collyrium]. 
(Gädda, hädd). 1, 1, IX, aeride 


(hadid). UT, a surgical knife (a general 
term). 


(hadaga). IT, the pupilof the eye. 
(harr).T, feverish [blood]. 

(haräre). TL, inflammation. 

(ihtiräg). L, inflammation. 
{muhtarag). 1, fevered [blood]. 
(aroka muhallila). HIT, movement 
which resalves or dissolves [the 
euperfluities of the eye], 

(asafiya). X, resembling dry mange. 
Cudad). TL, Iycium. 

(akk). I, rubbing, ecraping. 

(ikka). 1, IL, itching; lepharitir. 


3 £; à 
Fig. 5 Paris, Bibliothèque Nationale arabe MS 1043, fol. 43a Ophthalmological surgical instruments 
from the Kb abkäfi ft abkull, written between 1266 and 1275 A.D. by Khalifa ibn Abi al- 
Mahäsin al-Halabi. 
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liothèque Nationale arabe MS 1043, fol. 42b Ophthalmological surgical sgial instruments 
Kitäb al-kéfi fi al-kuhl, written between 1266 and 1275 A.D. by Khalifa ibn Abi al- 
Mahäsin al-Halabÿ. 
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Fig. 3 Bibliotheca Vaticana, Sbath MS 17, fol. 1b Kitb al-muhadhdhab ft hikma al-‘ain by Ibn al-Nafis. 
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Fig. 2 Bibliotheca Vaticana Arab. MS 307, fol. 186a The last folio of the Kitäb al-muhadhdhab f Hibb 
alain by Ibn al-Nafis. 
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Fig. 1 Bibliotheca Vaticana Arab. MS 307, fol. la. Kitäb al-muhadhdhab f'tibb al-“ain by Ibn al-Nafis. 
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along the membrane, and is extirpated as far as possible, for the pterygium 
will grow back from any that remains, except, indeed, for the part along the 
cornea, for its supplies are cut off and medication annibilates it. 

When the excision (qaf‘) is finished, and a sufficient amount of blood drawn 
up, there is dropped into the eye saliva from chewed cumin and salt, and then 
egg yolk with duhn of rose. The eye is dressed with that and is bandaged, 
accompanied by a large amount of movement so as to prevent adhesion. Then 
the oil (duhn) of rose and egg yolk is repeated for three days. After that it is 
then treated with one of the drugs we mentioned first, in order to destroy the 
vestiges of the pterygium on the cornea or the conjunctiva, whose removal 
was difficult. And of course there should be abandonment of meats for several 
days after the excision, and cleansing of the body and head beforeit. 


88. The idea apparently is hat the portion of pterygram along the cornea, if the rent is extirpatel, 
is eut off from the point of origin of the pterygium and bence from its source of nourishment and 
growth. The observation was apparently made quite early that the recurrence of pterygium is quite 
üusual, for it was mentioned by the 6th-century Byzantine physician Aëtius (J. Hirschberg, Die Augen- 
heilkunde des Aôtius aus Amida, Griechische und Deutsch (Leipzig: Viet, 1899) p. 151). This recurrence 
defies all medical techniques known today (see P. D. Trevor-Roper, The Eye, op. cit, p. 461). 
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which has been pulverized and again pulverized along with oil (duhn) of squash 
or oil (duhn) of cotton-seed; and likewise frankincense pulverized and placed 
in hot water for an hour; and the annointment with licorice root is gratifying. 

It is fitting that the use of these drugs follow the steam bath or bending 
down over steam until the face is red and the subsequent use of probes of the 
Gray [Kubl]; but that is not called for in the case of the imbalanced tempera- 
ment (dyskrasia] of the eye.” But quite definitely there should be cleansing 
of the body and head first. 

When the pterygium is thick there should definitely be stripping (kashf). 
The procedure is that the patient is laid on his back and his eye is opened as 
we have described for pannus. The pterygium is raised with one hook or several 
hooks and is undercut laterally as far as the head of a couching needle“t or 
mislakh®s or a thin feather* can penetrate. By this means the pterygium is 
stripped away from the conjuncetiva and cornea, if it does not adhere t00 
strongly. So then it is cut; and when the corner of the eye is reached, it is cut 
crosswise, Care must be taken t6 avoid eutting any flesb [in the corner of the 
eye]. The pteryginm is distinguishable from the flesh [in the corner of the eye] 
by the fact that it is hard and of a different color from the flesh. 

If the stripping is not easy, it is removed with the knife! with care, 


and use of Chinese porcelaïn, see Paul Kakle, “Chinese Poreelain in the Land of Islam” in P, Kable, 
Opera Minora (Leiden: Brill, 1956) pp. 326-361. Kahle does not mention this use of Chinese porcelain 
by Iba Sin. 
Ibn al-Nafis, by omittiog the reference 10 Chinese porcelain, either felt that to be an annecessary 
lation or found such porcelain to be a rather searce commodity in 13tb-century Egypt. Although 
Chinese porcelain is known to have been plentifol ia Iltb-century Egypt, there js little evidence of 
Chinese porcelain from Mawluk Egypt. It has generally beeu assumed that the porcelain was taken 
as booty by Sultän Salim in 1517 and after. Perhaps this omission by Ibu al-Nafis points t0 a scarcity 
of the produet more than 200 years earlier. 

83, When the blood, phlegm, yellow bile, and black bilé are equally mixed, the state of the part 
or body is called if#idôt almisäj the equilibrium of the temperament" or eukrasia, When there is an 
imbalance, or dyskrasia, the body is diseased. The Arabic for the latter is usually written as si al 
misdÿ, bat hereit is written as say” misdj 

84, mihatt. For an illustration of the standard necdle used for couching a catarart, see Fig. 5, the 
middle row, third instrument from the right. 

#5, See note 60 above for this instrument, 

A6. À thin feather or quill (risho) was frequently referred to by early Jelamic physicians when 
describing the removal of pteryghum or pannus. For example, the 10th-century “AI ibu al.“Abhäs 
slMfajüst detines a quill (ha) as a feather (rf4) from à dove (Hamäm) which is emooth at the tip. 
AlMajüuï goes on to suggest, as did later Ibn Sinë, as an alternative to the quill the use of a aharp 
aeeille threaded with a hair from some besst of burden (dawbb). In this procedure ‘‘you are to insert 
the needle under the pterygium near one corner end pass it out at the other corner. Then you leave: 
Ale needle and using your bande pass the hair along under the pterygium to the area of the pupil and 
excite the pterygium with it and trim it from the eye” (al-Majüaï, Kitäb kämil ft al-sinô°a (Cairo: 
Bülag, 1294/1877) Vol. IL, p. 415). This procedure was not followed by Ibn al-Nafts, even though it 
bad been advocated by Ibn Sinä as well as al-Majüst. 

87. ladïd, a general term for a knife; no specific surgical instrument is referred to here. 


174 EMILIE SAVAGE-SMITH 


burat copper, green vitriol and goat'e gall in equal parts. Also green vitriol 
and Andaränt salt, one part each, and ?/, part gum, mixed with wine. Or burnt 
copper, green vitriol, eaper root bark, sal ammoniac and gall of goats or oxen 
with honey: or similarly buck gall with honey. Or magnet, verdigris, red clay, 
and gum ammoniac,*! one part each, and ‘/, part saffron; and one ügiya of 
that is worked into two quals of honey. 

There is also the annoïntment of the eye with white vitriol and sal ammoni- 
ae, and also rubbing the pterygium several times during the day with a pot- 
sherd from a glazed bowl which has had the finish (taghgir)rubbed off** and 


the primary characteristie of tbe Shiyäf. Because Iba al-Nafis did not give a recipe for such a Shiyäf 
in his chapter dealing with compound remedies, as he did for all other compound remedies mentioned 
by name in these chapters, Lhave emended the text slightly to make it clenrer that the following recipes 
are various versions of the Dinärkhün Shiyäf. However, since none of the recipes contain the hallmark 
of Dinärkhün (according to al-Räzi), they might be interpreted as recipes for a nameless Shiyäf, in 
which case Iba al-Nafis simply omitted altogether the recipe for the Dinärkbün. 

The apelling of the name as Dinärkhün or DinärjGn seems preferable to my earlier reading of it 
ax Diyäkhün, although the latter interpretation does possibly allow it to be a transliteration of the 
Greek diarkhon meaning suffcient or long-lasting (see E. Savage-Smith, *Drug Therapy", ap. ci.. 
pe: 109). 

81. Note that gum ammoniae (ushshag) constitutes a correction of my previous reading of *starch' 
(nashà'); see E. Savage-Smith. “Drug Therapy"”, op. eit., p. 105. For a discussion of ur ammonise 
in imedieval Islamie medicine see M. Meyerhof, “Un glossaire … Maimonide"*, op. cit., no. 124, 

82. AI-Räx, citing the Syrian Ibn Saräbiyün as a source, presents the following procedure: “Fur 
pterygium, taken from among the tested [recipes], and it is one of the acrid ones; you take the pith 
of the cotton seed and produce from it an oïl (duhn), Then take glased pottery (khazaf ghadär) and 
rub off the glase and pulverise the remains aud crush it into a fine powder. Then crush [it] with that 
dun and rub the pterygiam with it many times during tbe day until it thins, God willing", (al-Râx, 
al-Haur, op. eit., p. 139, reading ghaddr, a green slip or glaze, instead of gaddr). 

When Ibn Sinä repeats this recipe be says: “One takes a potsherd (khazs/) af a Chinese bowl (ghadd'ir 
sin) and ruba off the finish (taghzir, glare, slip) and craches it into a fine powder. After that be 
blends it with oil (duhn) of cottou seed and erusbes the two together. Then he inserts a probe into the 
skin [surface of the mixture ?] and takes the drug with it [tbe probe] and rubs the pterygium with 
it continually many times during an entire day, for this then softens it [tbe pterygium], and it goes 
(Ibu Sin, Qünin, Rome 1593, op. cit., Part 1, p. 343). 

Whea Ibu al-Nafle mentions this procedure he uses the vocabulary of Ibn Sin, as one would expect 
from a commentator on the Qanän, but he omits the qualification that the bowl éhould be of Chinese 
(inf) porcelain, as Tbn Sinñ had specified. Hirschberg feels that Ibn Sin£ cannot have intended ‘from 
China” and suggests instead ‘a region in Syrin, sceni' (J. Hirschberg, Augenheilkunde des Ibn Sina, op. 
p. 84 nt. 14). The interpretation ae Chinese porcelain is, however, to be preferred, Chinese porcelais 
was wellknown in Islamic lande at least seven or eight centuries before it was known to Europe. Ex- 
tensive remains of real porcelain (which could not be made outside of China before the 18th century) 
have been found in excavations of 9tb-century ruine, such as Rayy, the town from which Th Stnà caint, 
ns well as Fuyfät, uear present-day Cairo. There are olo many written descriptions of Chinese poret 
ain, such as that by al-Birünï who deseribed a large collection of such porcelain in a home in Rayy 
shortly after 1000 A.D. The 15th-century al-Magrizi quotes an 11th-century source on the uso of Chinese 
es-shaped vessels by physicians in Cairo to boil eggs, and the 13th-century acholar Nasir 
ia al-Tüsi used pulverized potsherds as 2 medicament for the teeth and as a styptic 10 stop not 
Hleeds. For a thorough discussion of literary and archaeological evidence for the early Islaraicknowledge 
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gray are both melancholic, but the smoothest of them is the thin, white variety. 

It injures the eye in two ways, the first being that it hinders the dissolution 
of the superfluities from underneath it, and so they [the superfluities] increase 
in the eye and make it [the eye] diseased. The second way is that it renders 
difficult some of the motions of the eye or prevents them altogether; and that 
has two results, The first is the failure of some of the viewing, except by the 
movement of the head 6r neck," and secondly [the formation of] the large 
amount of superfluities due 10 the failure of the resolving motion. 

The treatment: Treatment by drug is frequently not adequate because 
pterygium is so thick; and furthermore this type of treatment injures the 
eyeball, since these drugs are inevitably acrid and caustie even though they 
are strongly cleansing. But the thin type may profit from ashes of myrtle 
leaves," or ‘seafoum” or juice of sour pomegranate pressed with fat rectified 
with honey. 

Stronger remedies are the Rüshnäyä and Aerid Bäsiligôn [Kubls], and 
the Trachoma Shiyäf, and the Dinärkhün® which is a Shiyäf taken from 


18. The patient must turn his head to see, for be is unable to rotate the eyeball frecly. Pterygiom 
can indeed mechanically iaterfere with the movement of the eye when it is very extensive. 

19. This interpretation of ‘ashes of myrtle leaves (bi-ramäd warag als)" does not require emending 
the text as did my previous rendering as ‘the Ash-Colored [kuhl] and raesbed myrtle (bi-ramädr sa 
digg al-3s)"; see E. Savage-Smith, “Drug Therapy, op. cit. p. 105. 

80. The word in the Arabic text is not written very clearly and does uot have diacritical points, 
s0 that it can be read in several different ways. The reading Dinärkhün suggests an early Greek te 
from the verb dianarkao meaning ‘to grow nub', perhaps equivalent to tbe concept of ‘nareotic' 
medicaments wbich Tba al-Nafis termed al-mukhaddira in bis chapter on panmus. The term (na matter 
how the diacritieal marks are placed) is not very common in the ophthalmological literature. AI-Räa 
in the Kitb al-häuï mentions s dinérjän Shiyäf which has been proven for trachomu und has us one 
ofits ingredients sarnikh (a sulfde of arsenie, possibly orpiment), and be cites as a source the handbook 
of Tba Saräbiyan which was written in Syriac about 873 À.D. and translated into Arabic (al-Räz, 
al-Häwï, op. eit., p. 138). Later iu the same treatise al-Räxï, quoting from (his own?) Great Formulary 
{al-Agrdbädin al-kabir), says: #*The ShiyAf of sarnikh is useful for pterygium and for red vessels in the 
eyes and it is the Sbiyäf known as Dinärjün. lts recipe: 1 dirhat each of cadmia, cinnabar (? shanjafr, 
a mistake for shanjarf ?), realgar (earnikh afmar, red sullde of arsenic), and fabarzad sugar; 1 däniq 
each of myrrh, root (type not specified), and saffron; 4 dirham gum arumoniac aud 1}, dirham fra- 
kincense. Dissolve the gum ammoniae in water and make # Shiyäf with it." (al-Räzï, al-Häwt, op. 
cit. p. 144), 

It is possible that the reading dindrjän rather than dinôrkhün is due to the editor of the Kitdb 
abläuï, There must indeed have been confusion among Islamie*writers as 10 the spelling of the naine 
of this ShiyAf, In the Qénin of Tba Sin priated ia 1593 the term is written with no diacritical marks 
(Qaänÿn LIL,3,ÿi,11; Rome, 1593, Part 1, p. 343: see note 23 above). Mt is listed by Ibn Sinä ns one of 
several Shiyäfs recommended for pterygium, all of whose recipes, be states, are given in the Formulary 
{auräbädin). However, in the section of ormulary wbich gives the compound eye remedies, such 
% remedy jé not mentioned (Qänän V,24i; Rome, 1593, Part IL, pp. 249-255). J. Hirschberg in his 
translation of Thu Sinä reads the word as “dinarchom”, adding that the word in the Latin translation, 
dinarieum, is meaningless (J. Hirschberg, Augenheilkunde des Tbn Sina, op. cit.. p. 83 nt, 0; Avicenna, 
Liber canonis, op. cit, fol, 210a). 

Ibn al-Nafis's recipes do not include a sulfñde of arsenic even though al-Räxi indicated 1ha 


vas 
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In 


On Pterygium 

It is a form of pannus but differs from it in that the congestion which causes 
pannus is spread over the exterior of the eyeball and the exterior ofthe conjune- 
tiva, while here it is especially associated with the greater corner — that is, the 
larger [inner] — or the smaller, or both at the same time. This is because of 
the excess of superfluities in the corner, since the movement of the eyelid re. 
solves them in the rest of the eye." And, in addition, the vessels are numerous 
in pannus, while not in pterygium since it [pterygium] is a nervous excres- 
cence.!? 

IL differs in color, being either red, or yellow, or pale-gray, or off-white. 
Ut differs] with respect to its condition in that it may be either hard or soft, 
And [it differs] in the degree of tenacity with which it adhers to what it is 
upon; sometimes it is only slightly adhesive, so that it can be easily removed, 
while sometimes it has coalesced with what is under it. [It differs] in size in 
that it is small, or large, extending over some of the cornea, or reaching to some 
or all of the pupil and thus hindering vision. [And it differs] with regard to 
thickness in that it is thin or thick, and with respect to the substance (mädda) 
in that the thin white [type] is composed of phlegm. while the red and pale- 


or a child. The 10th-century al-Zabräwi calls human milk loban nisä' and recommende it as a vehicle 
for the application of à dubn of rose for certain conditions (S. K. Hamarneh and G. Sonnedecker, 
Pharmaceutical View, op. cit,. p. 118). The Sth-century physician AN ibn Sahl Rabbän al-Tabui 
says, when giving the préliminary treatment of eye diseases, that one <hould ‘take egg white and 
duhn of rose and milk of a woman who is a suckling wet-nurse [laban amrä'altin) tardi‘u järiya(tan)] 
and place them in a vessel and dip into it a cotton cloth which is then placed on the eye” (al-Tabati, 
Firdous, op. eit., pp. V1S-176.). 

For further references to early physicians employing the term laban jériya see NPérerbuch der 
Klassischen arabischen Sprache, op. cit., Vol. 11, p. 162 240-b4. 

‘The recipe given here by Iba al-Nafis is found in nearly identieal form, where 
or panaue, in the medical formulary Dustôr al-bimäristänt written by Abü al-Fadl Dä'üà ibn Ab! 
al-Bayän al-Iérä' il (d. ca, 638/1240), who worked at the Nägiri hospital in Cairo in the late 124} uod 
early 13th century. See Paul Sbath, ‘*Le formulaire des hôpitaux d'ibn al-Buyän'”, Bulletin de l'Institut 
d'Ekypte, 15 (1933), 52, and for an English translation of this particular recipe given by Ibn Ab al- 
Bayän see M. Levey, Medical Formulary, op. eit.,p. 11. 

15. Comprising the 9h subsection (fayl) of the first chapter (bâb, on diseases of the conjunctiva) 
of the third section (jumla) of the second book (nama/). This chapter oceupies in V fols. 125b-126b and 
is not included in $ which is an incomplete manuseri 
apparently is that the eyelids, through 
while the superflaities build up in the corners. 

11, siyäda “ayabiya, The application of the term ‘nervous’ membrane or nervous” excrescence to 
Pterygium éan be traced buck to Greco-Roman medicine. See for example, Celsus (De medicina VIL,1) 
Who call it membranula nervose, or Galen who refers 10 it as a neurodes projection of the conjunctivs 
(Galen [spurioue?], De remediis parabilibus 11,4: Këbe XIV, 41041). While the conjanctivs 
x eundowed with nerves, it is possible that ancient and medieval physicians intended the term neurodes 
and its Arabie equivalent “asdbiya to mean “fbrous” in this context. 


inking, keep the central area of the eye cleur 


IBN AL-NAFISS OPHTHALMOLOGY 171 


The pannus may be accompanied by ophthalmia, in which case the basic 
procedure is purging and cleansing, without the coolants (al-mubarridät) and 
narcoties (al-mukhaddira), while the Gray [Ruhl] is in that case good. If along 
with the pannus there is inflammation. the Sumac Shiyaf is beneficial; it is 
produced from juice of macerated sumac thickened with gum and sarcocol, 
or it may be extracted from sumac alone, It is also useful for the ophthalmia 
accompanying pannus. 


Among those things which are tested for mil pannus, there is the shell 
of fresh egg, boiled in vinegar and dried in the shade and used gently. Also 
there is marcasite along with the Ash-Colored [Kuhl}, and also a coolant of 
pure copper with urine; and similarly the Styptie Shiyaf” and the Mild Red, 
the Acrid Red, and the Trachoma Shiyafs. And the medicament of magnet 
and the bleeding of the two [inner] canthi are good for pannus. 

Similarly, the continual inhaling of sweet marjoram and snuffing with 
something like this medicine: white hellebore” 1 dirham, 2 däniqs of myrrh, 
Y4 dirham of lycium and 4 dänigs of aloe, kneaded with extract of sweet mar- 
joram and ground like small lentils. À grain is used every day, with the milk 
of a wet nurse." Similarly, white hellebore, sweet rush, and rose, in equal 
parts, are pulverized and blown into the nose. 


12. The name of the Tt6tiqän Shiyäf is « transliteration of the Greek mord styptikon meaniug 
astringent, For the recipe given by Ibn al-Nafis see E. Savage-Smith. “Drug Therapy", op. cit.. 
pe 109 nt, 28. 

173. Kundus, In this context it is probably à type of sneezewrrt (Achillea ptarmica). It has also been 
interpreted as a type of soapwôrt and as white bellebore: see Werner Schmncker, Die pflansliche und 
mineralische Materis Medico im Firdaus al-Hikma des “AU ibn Sehl Rabbôn at. Tabari(Bonn:Selbstverlag 
des Orientalischen Seminars der Universität, Bonn, 1969) pp. 362-363 and M. Levey, “Medieval Arabic 
Toxicology"", Transactions of the American Philosophical Society, n. s.. 5% pt. 1 (1966) 96. Ibn al-Baïtär 

his 13th-century treatise on moteris medica eriticized the translator Hunain iba 1ehäq for having 
incorrectly identified the Greek strouthion (soapwort) with the Arabic kundus (see M. Meyerhof, Ten 
Trontises, op. eit., p. 121 nt. 5). For numerous other Arabie references to this plant either as a plant 

sapouin or us à sneezewort and sterautatory see Wôrterbuch der Alassischen arabischen Spra 
cha, op, eit., Vol, L, p. 317 a 27-18. Noté that this reading of kundus is a correction of ray previous 
reiding of kundur ‘frankincense* (E. Savage-Smith, “Drug Therapy", op. cit., p. 104); the word is 
dleudy written in the manuscript as kundus. 

T4, The use of human milk in applications of remedies for the eye can be traced back to Greco- 
Foman and Byzantine medical practices; see, for example, Paulus Aegineta, Seven Books, op. eit.. 
Vol. U, pp. 79-80. The term laban jériya. ‘milk of a young woman or wet nurse’ employed by Ibn 
ANaf here and in a recipe given in his earlier ormulary (see above note 2) is not a common 
rm for human milk in the ophthalmologieal literature, although it does occur in early medical 
witiugs, It is found in the 9th-century formulary by al-Kiadï where it is used as a vebicle for applying à 
Stermutätory taken nasally (M. Levey, Medical Formulary, op. cit. pp. 46-47). Elsewhere in his formmu 
Jury akKindï uses the more frequeutly encountered expression faban imrd'a *woman's milk where 
it is wed in preparing a drug for a toothache which is administered nasally as well as in th» corner 
 pp« 96-97; g: M. Meyerhof, Ten Trentise pe 223). AI-Kindi also mentions 
“milk of its mother wben referring to a vehicle 10 be used in applying a naeal remedy 
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eye is dressed with cotton dipped into the duhn of rose and egg yolk, répeating 
the dropping of that into thé eye many times in that day and night, along 
with frequent turning of the cyeball and preventing the patient from sleeping 
through that night. 

Then early on the following day he washes the face with water in which 
roses were cooked or with water mixed with rose-water. Then he examines 
under the eyelid by turning under the lid a probe wrapped in cotton which 
has been dipped in duhn of rose. If sticking is found, he breaks it with the 
mislakh and then continues the dropping in of saliva after chewing cumin and 
salt. If not, then he continues dropping in the duhn of rose with egg yolk, and 
after three days uses the following eye powder (dharär) for three more days, 
Its recipe is: 1 dirham each of sarcocol, Sulaymäni sugar,® and starch, !}, 
dirham of ‘seafoam’, !/, ditham of saffron and !/, dirham of aloe. 

1 ophthalmia occurs in the eye, it is treated with its own treatment, If 
not, then the steam bath is entered, and then there is annointment with the 
écleansing” Kubls.®® The abandonment of meats for three or four days is ap- 
propriate after excision, accompanied by exertion in the movement of the 
eye to prevent adhesion. This is when the pannus is true and thick. 

As for the lesser and truly very thin type, after the cleansing there is strength 
ening of the brain with aromatie perfumes, such as are délicate and alleviate 
heat — for example, ambergris, nadd.% aud black nightshade, and similarly 
the smelling of extract of myrtle with a little musk, There should be forsaking 
of thick foods such as cabbage, lentils, fish, milk, broad beans, and legumes, 
and such foods as are strongly aromatie, eveu if they are hot, such as onion 
and garlie. The resolving and cleansing Kuhls such as the Rüshnäyä and Bäsi- 
liqün, and likewise the Déraj Shiyaf® and the Green Shiyaf, are used. The 
annoïntment is as follows: the eyelid is turned over and the eye rubbed with 
the medicine, and after the quiescence of the inflammation the Kuhl is repeat- 
ed. Then following that, it is annointed with the Ash-Colored Kubl or the 
Indian Coolant” or similar one. 


roses were removed and the sesame seeds ground and pressed, and an oil produced. See S. K. aar- 
neh and G. Sounedecker, Pharmaceutical Vie, op. cit. pp. 83-86 and 105-106. 
66. See note 30 above. 
1. The adiective ajlla eun mean paliing. oc rightening ax well ae cleaning. 0e pargatie 
redical context. It refers 10 a class of Kuls which are iutend- 
Lao ar and brigäten vision, and obvionsly include those suel ue aj-Rüshnayà, tbe “Hg brioing" 
Ka) 
64. À perfume compounded of amnbergri 
io Aulanal-Gh3 gt l- March, op. 
69. 1f the text is accepted as it stande wa-in ‘even if” might imply a very special status given onion 
aud gurl which some would cansi they are bot, that they were benefcial even though 
strougly aromatic. On the other hard kely that a word was omitted from the text, and that it 
wught to read ra-khdsjat (an) in. meaning ‘and especially if [they are bot]..." 
10. rh means tof eurreut ue For the recipe for fe given by Lbn al-Naf a Mis chapter on came 
pound ocular remedies see E. Savage-Smith. *Drog Therapy”, op. cit. 
7, For the recipes which Jbn al-Nafis gave fur the Ash-Colored Kat and tbe Indian Coosnt 
(Bacüd) see E. Savage-Smith, Drug Therapy"", op. cit., pp. 99-100. 


musk, aloes and camphor, See Muhommad ibn Qassüim 
105 nt. 4. 
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he begins by cutting from the outer angle of the £ye what is along the root of 
the upper eyelid, and when he reaches the larger [inner] corner he euts in a 
similar fashion what is along the root of the lower eyelid, When it remains 
attached only near the cornea, he draws up the hooks a little and moves them 
in order to accomplish the deuuding of that which is along the ‘erown."! Then 
he cuts it from the outér angle of the eye toward the larger [inner] corner, and 
removes the entire thing with a single ring-like cut. The skilled of the physi- 
cians perform that with speed and agility and extirpate all the layers of the 
membrane at one time so that the conjunctiva is trimmed clean, without the 
repetition of the cutting and lifting,® both of which cause pain to the patient; 
but that is not prohibited. 

So he euts the portion which is adjacent to the upper eyelid first, and then 
that which is contiguous with the lower lid; and it may be required to repent 
the lifting and cutting when it happens that some of the layers of the pannus 
remain. This may come about through the insertion of the hooks [in à manner] 
so that they do not reach the conjunetiva."* Whether the conjunctiva has 
been properly cleared may be ascertained by passing the mislakh along the 
outside of it; if it is not attached at any point, it has been cleared. The same 
procedure is used to check whether the white of the eye is free of any trace of 
the parts of pannus. When [the physician] euts in the larger [inner] corner, 
he must be careful not to overdo it; otherwise some flesh of the canthus may 
be removed and there would oceur that danger which we have mentioned in 
its appropriate place. 

When the excision is completed and he [the physician] has drawn up a 
suficient amount of blood, a piece of cotton is twisted on the end of a probe 
and the eye is cleaned of the remaining blood with it. Then be [the physician] 
spits into the eye in order to stop the pain; then the remaining blood is washed 
away. He then drops into the eye the saliva pressed from cumin and salt, which 
have been chewed and pressed through tightly woven linen, Afterwards he 
drops into it duhn of rose taken from sesame,® mixed with egg yolk, and the 


62. ik *erown', that is, the limbus of the cornes, the periphery of the cornex where it joins the 
selera. 
Sea Würterbuch der Mlassischen arabischen Sprache (Wiesbadeu: Harrassowitz, 1970 +), Vol. 1, 
P.S72a 81-38 for examples of earlier uses of the term ik for the selerocorneal rie. 

62, a%lg, the raising up of the membrane of panaus by means of the tenacula. 

63. Further lifting wp by the hooks and cutting of the membrane is ot prohibited. However, remv- 
ing it completely in one eutting is considered best, for it is less painful to the patient. 

64. According ta the view of panous eurrent at that time, some layers of pannus were on ocrasion 
not removed at the first attempt because the hooks had not been inserted far enough 10 peuetrate 
through the entire membrane (pannus) and reach the conjunctiva. 

65. According to the 10th cent. al-Zahräwi, the method of making a duhn (oïntment) of roses from 
sesame seed was developed in Iraq. Whale unbusked sesame seeds were spread on a sheez with a layer 
ofroses over them, and the sheet was allowed to stand for a day and a uight, The procedure was repeat- 
ed with fresh roses for several days until the sesame seeds to0k on the scent of the roses, Then the 
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he gargles and snuff-medicines and similar things which cleanse [and clear] 
the héad. 

If the pannus is truly thick, then its excision (lag!) is required. The nature 
of that is [the procedure is] that the patient is laid on his back and his eyes 
opened, either with the ‘openers"” or the two thumbs of the servant. Ifthe 
eyelid is slippery because of being moist or some such reason, cotton or a piece 
of coarse eloth is put between it and the thumb, Care should be taken to avoid 
the eyelid being everted during this opening, for then something [might] 
be eut from it, and in most cases adhesion [then] oceurs. Similarly it is neces- 
sary that the eyelashes be pushed out of the way so that the scissorst* do not 
cut them, 

Then the physician begins, and the pannus is lifted first at the larger [inner] 
corner of the eye with a hook,f at the smaller corner with another, and in the 
middle of the conjunctiva where it touches the root of the upper eyelid with 
two [hooks]; it is done similarly with the lower eyelid. It is cut at the outer 
angle of the eye (lakäz) as far as the mislakh® can he inserted into it. He [the 
physician] perforates it along the conjunetiva up to the larger corner. Then 


57. fatähôt, a surgical instrument used for kecping the eye open during surgery. For an illostration 
of a pair of such ‘apeners' see Fig. 4, 10p row, fourth from the right. 
58. For an illustration of seissors (migrdd) see Fig. À, 10p row, second from the right, which shows 
a pair to be ueed specifcally for ‘eutting pannus from the coujunetiva". 

59. sunndra, a small hodk or tenaculum. For an illustration of three such hooks (randnfr) recomumend 
ed forliftiog up pantus, see Fig. 4, top row, the left-hand column. 

60. mislakh, an instrument, probably à very thin scalpel, used for skianing, The name is from a 
root meaning t0 skin or Bay. It is not a common name for a surgical instrument in the Islamic literature, 
For example, it does not oceur in the surgical section of Kit3b al-tayrif by the 10tb-century al-Zabräwi 
(Abuleasis), nor js it mentioned by the 10th-century oeulist AN ibn “Isa al-Kabhäl nor the 13th-century 
Syrian oculist Khalifä ibn AT al-Mahäsin al-Halabï whose illustrated treatise written between 1266 
and 1275 was the source for the illustrations in Figs. 4 and 5. Furthermore, the surgical tract by Ia 
al-Quif also written in Syrin in the 13h century does not mention it. It is possible dhat a surgical in. 
strument of such a name first came into use in 13th-century Egypt, for bn al-Noffs appears to be the 
first to use it. It oceurs again as a surgical instrument in the ophthalmologieal treatise written about 
1296 by Saläh al-Din ibn Yüsuf al-KabbAl al-Harmawt (Paris, Bibl. Nat, arabe MS 3008, fol, B84). 

It is not eutirely clear whether Ibn al-Nafis intended for the mislakh to be used as the only eutting 
agent or whether it was 10 be used only tô make the initial opening in the “membrane” into which the 
selsaors would then be inserted. The early L4tb-century oculist Ibn al-Akfänï, who also practiced in 
Cairo as Jbn al-Nafïs had carlier, uses the instruments called mislokh and mihott interchangeably 
in the removal of panous. The latter is a needle used for conching a cataract (illustration in Fig. 5, 
midéle row, third frorn the right). Ibn al-Akfänt says: ‘Then you take a lancet (mibda‘) having a round: 
ed head and with it you open a pluce [in the pannus] in which there is then inserted the head of the 
couching needle or the mislakh, eutting it from the conjunctiva. Theu you cut with the sciseors (migréf) 
having a rounded head, catting with care and caution and not overlookiug any of its vessels, for from 
them pannus can quickly arise again”* (Cairo, Där al-Kutub MS 87 tibb, fol. 26a, MS Tibb Halim 46, 
fol. 25). Earlier Islamie physleians frequently employed only the eouching needle or a quill t0 remove 
the pannus, anassisted by seissors. 

See the following chapter on pterygium where Thn al-Nafié wred tbe mislakh interchangeaby with 
the couching ncedle or a quill, 
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it oceurs frequently in trachoma because of its weakening of the eye and 
decause the pain of it draws the substances there [to the eye]. It is frequent 
after acute ophthalmia when there is excessive cooling fin the treatment]; 
and 50 resolution (tahallul) seldom accompanies it, but rather the superfluities 
are held back, Similarly it may be frequent in cold countries or times, and 
even more in cold bodies; for then also the superfluities are rarely loosened. 

Pannus is one of the transmissible (mu‘diya) diseases on account of the 
inhalation of air mixed with vapors given off by it, and thus it changes the 
brain and nearby areas into its own substance. Therefore, if a dwelling is 
narrowwtits spreading (ida”) is iercer. And it is among those diseases inberited 
by the offépring, because the part of the semen which is derived from the eye, 
in the case of one afflicted with it, includes a large amount of superfluities, 
and 0 the eye propagated from him is similar. 

The symptoms: As for the true pannus, it is known by the evidence of a 
conspieuous membrane accompanied by reddened, engorged blood-vessels 
and redness in the eye because of pain, itching and a large amount of super- 
fuities, and by the existénce of those conditions which follow close upon it 
which we have mentioned, and by other sequelac. For there accompaines 
it redness in the face because of the large amount of what flows 0 it from the 
pericranium (simhäq) and engorgement of the blood-vessels. Therefore, there 
is throbbing pain in the temples because of the pressure of the substances 
flowing to the artery which is there. When the lower eyelid is moved there 
is evidence of the detachment of the end of this membrance from the conjune- 
tiva® As for the coruea, there is evident on it something like smoke along 
with reddened blood-vessels. When this pannus is very acute there is frequently 
inflammation in the eye, and similarly, itching, throbbing pain and flowing 
of tears, 

As for the other type, it is knowu by what we have discussed, and the evi- 
dence is something like thin clouds, and under the tunie of the conjunctiva 
it is accompanied by a slight inflammation. 

The treatment reg You begin first with the cleansing of the body and 
head and its sides, with the regulation of food, with the forsaking of the an- 
nointing of the head, and the avoiding of vapors. In short, every avoidance"* 
required of one affected by catarrh is appropriate, with the bleeding of the 
vessels of the two [inner] canthi being a clear benefit. Certainly there should 


58, Literally, ‘into its own nature (il fabtatihi)", Compare above note 41. 
54. That is, the people live in erowded conditions (?). 

ï y à kind of syrablepharon which frequentiy oecurs in cases of chronic trachoma. 
istory of Trachoma, op. eit.,p. 60 nt. 1. 
db. Wheu al-Munäwi («ee above note 52) repeats this passage by In al-Nafis, he uses the 
i'mal (Cairo. Dâr al-Kutub MS 181 Gibb, fol. B8a). This gives a slightly different interpretation” 
that is, that every procedure or requirement, rather than avoidance, necessary for à person affected 
by catarrh is also appropriate for one having panmns. 


Ser M. Meyerbof, 
56. 
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veiling of the eye, for it is beneficial to the eye since light hurts the vision; 
such damage is therefore not inconsistent with this design. As for the blepha- 
ritis and lachrymation, they result from the retention of the cye’s superfluities 
(fudäl) under this membrane, and this is not inconsisteut with the benefit 
derived from its veiling effect, for most of the diseases involving an abundance 
of dischargest® result from these superfluities. As for the avoidance of sunlight 
and lamplight, it is because a large amount of light [entering the eye] is a 
function of the movement of a large amount of superfluities. As to the eye 
becoming smaller, that is because of the weakening ofits firmnesst’ on account 
of the large quantity of superfluities and because of the exchange of its nour- 
ishment for the uourishment of this membrane. Even though damage is 
produced by something, it is not inconsistent that that thing is à natural 
aecurrence. Thus, for example, excessive fatness is associated with harmfulness, 
as well as being a function of nature; and it is similar with a part of the body 
which is too large, and similar things. But the resolution of this matter is 
distant.# 

It [pannus] may oceur from a large amount of congestion‘® of the deep 
blood-vessels which are in the conjunctiva and the impediment of the substances 
(mawädd) and superfluities under its covering. Its state resembles the film 
(al-sabal ‘pouring rain‘) and hence it is called also al-musbal (the veiled'), and 
most of it comes about from the discharges®! to the eye by way of the internal 
tunies. Therefore, sneezing frequently accompanies it, especially in strong 
light, because of its [pannus’s] heating and irritating the substances. And 
throbbing pain in the orbit of the eye accompanies it because of the spreading 
of the substances into its cavity there. Pannus oceurs frequently in [people 
with] moist brains,® because of the large amount of substances in their heads. 


45. Emending the text from sa dhülika wa-in to wa dhôlika an. 

46. akamräd al-mäddiya, literally, diseases having (an abundance) of matter, substance, discharges, 
or disease-matter (mädda: see above note 14). It is used here probably in the sense of disences involving 
much congestion as well as an abundance of discharges. It may be intended as synonymous with amräd 
imtilàfya (see above note 44). 

47. hadb, Grmaess, strength (2). 

48, The nourishient intended for the eye goes instead to the membrane, 

49. That is, it would take the discussion far afielà, or possibly that a complete resolution is not 
likely to oecur. It is possible that the text is corrupt at this point. 

50. imtilà", repletion, congestion. 

SL. nasalät, discharges, rheume, but also congestion. 

52, fT marfübina al-admigha, The significance of the statement js unclear. It is not known to oceur 
elsesihere in the Literature eoncerned with pannus, except for the ophthalmological tract by the 15tbe 
century Egyptian seulist Nür al-Din “AN ibn Muhanunad al-Munëwi al-Shäf*i, where it is repented 
with nearly the same wordiog (fF marfi al-dimäsh, Cairo, Där al-Kutub MS 181 tibb, fol. 86). Al- 
Munäwis treotise entitled Kitdb wigéyat al-‘ain bi-shark tajrid kashf al-rain (Book of the Care of the 
Eve with a Commentary on the Abridgement of the Removal of Dirt) consiste of the Abridgement 
wbich Ibn al-Akfänf (d, Cairo 49/1348) wrote of his own treatise entitled Kash/ al-rain fr afwël al.‘ain, 
alongside of which al-Munäw3 placed the full text of the Kashf al-rain and relevant passages front tbe 

Perfectéd Book on Ophthalmology y Th al-Nafis. 
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The same is true of pterygium; indeed pannus only differs from pterygium 
in that in most cases [of pannus] the eyeball is affected, and it is not so in 
pterygium. For the former [pannus] is peculiar only to the eye for the reason 
mentioned earlier — i.e., that it [the eyeball] is denuded of skin. So its state 
is that of a part stripped of its skin or whose skin is eaten away by ulcers or a 
similar thing. Indeed nature does not form it [the membrane of pannus] that 
way in the healthy state of the eye, for then [in that case] the eye becanse 
ofits strength would not need the excessive protection provided by the eyelid 
against any eventualities.#* 

Then someone says to the speaker, if the matter were as you have said, 
it would bave been necessary that there be formed something similar to this 
membrane on the penis after the cutting of the foreskin. His answer is that 
there are no substances (mawädd) in the penis out of which such a membrane 
could be composed, because it is an extremity and far from the humors (ra/übät). 
This is not so in the case of the eye, for it has a profusion of humors, by its 
very essence (bi-jawharihä), and sometimes they are transferred to it from the 
brain. So the substance (madda) is plentiful in the presence of the faculty.® 
Therefore, it is possible that this membrance occurs in it [the eye], but not 
in the penis. Nevertheless, we admit that there inevitably oceurs at the end 
of the penis following cireumcision a thickening whereby it is less affected by 
blows. So it is possible to regard the latter phenomenon as analogous to the 
formation of this membrane [the membrane of pannus]. However, since it 
{the thickening following cireumeision]is evidently harmless, it is not consid. 
ered as a disease and not treated by excision or similar procedure. This mem- 
brane [pannus], by contrast, injures the sight in proportion to the extent to 
which the pupil of the eye is veiled. 

Ît may be said: if this membrane were a function of nature then no harm 
would come of it, but such is not the case, for it weakens the sight until it is 
asifit were behind a distorting veil, and it brings on blepharitis and lachryma- 
tion in the eye and predisposes it to much ophthalmia and other congestive 
diseases,f# and makes it [the eye] shun sunlight and lamplight; and frequently 
the eye becomes small because of it. 

[in answer to this] we say: the occurrence of this damage is not inconsis- 
tent with the fact that this membrane is a function of nature. As for its damag- 
ing vision, that is evident. The purpose of nature in regard to it is the increased 


42. The meaning appears to be: Panvus is formed when the eyehail is denuded in order ta protect 
it. f paunus were formed on à bealthy eyeholl, the eyelids would then not be needed, for the eyeball 
would have more than enough protection. But the eyelids clearly must have a function, aud therefore 
Passus must not form on a healthy eye. 

43. That is, the substances (mawädd) out of which the membrane can be formed are plentiful in the 
area where there oxists tbe facalty (quicica) by which the humors (rufübät) are transformed. 

44. akamräd al-imtilô'iya, diseases characterized by congestion, repletion, fulluess of the head, 
and defluxion. 
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possible. If the trachoma aggravates the two conditions with its roughness 
then the eyelid should be turned over and the probe passed over it in orde 
to be softened a little; and better yet is the Haematite [Powder], but withou 
[employing] starch, stibnite,# the White Powder or the White Shiyäf, fo 
allofthe latter are trachomagenic (mujarriba)-- that is, they cause trachoma. 


On Pannus® 

Pannus is a membrane (ghishäwa) observable on the eye. characterizec 
by inflamed blood-vessels, and there is disagreement concerning it. Ît is saic 
that all of its parts are natural, but that in good health they are small ané 
imperceptible, but that when they grow and spread to all parts [of the eye! 
and are enlarged, they are easily observed and do harm to the eye and vision. 
But it is also said that all of its parts are diseased”* and that if some of them 
were natural, then their excision, especially when repeated, would be harm. 
ful to the eye. In favor of the first [school of thought] is the argument that 
among those parts are blood-vessels and nervous parts [nerves] and the oc- 
eurrence of these is not possible through the function of nature, so how then 
through disease. 

The truth is that this membrane is not altogether natural, for if it were, 
its création would in the first place be useful and its excision would be harmful; 
nor is it altogether unnatural (bi-khérij San al-jabi‘i), for in that case it could 
not be created and nourished, or, once created, would disintegrate of itself 
in the course of time, having no faculty for transmuting the incoming [nourish- 
ment ?] into its own substance. But rather, it is natural in the respect 
that it is a phenomenon of the function of nature, and it is not natural (ghayr 
tabifi) in that it was created only with the creation of a state of the eye which 
is not natural, That is because when the eye is weak and the substances 
(mawädd) are profuse in it, nature changes those excessive substances into 
something which serves the eye as a covering or skin in order to protect it 
against the damages which would be encountered in weakness, 


36. Curiously, Tbn al-Nafis lists starch as one of the ingredients for his Mild Red Collyrium and bit 


of whieb he recommends for trachoma ia his cha 


“Drug Therapy", op. eit., pp. 99-100). The White Powder (Dharür) and White ShiyAf he does not 
recommend for trachoma in his formalary. 

37. Comprising the 8th subsection (fasl) of the first chapter (bdb, on diseases of the conjunctive) 
of the third section (jurla) of the second book (namat). This chapter occupies in V fols, 122a:125b. 
Manuscript $ is incomplete and breaks off before this section. 

38 fabl‘ïya, in the sense af normal, part of the normal and healthy state, 
ia the seuse of unnatural, not part of the normal and healthy state. 

40. The sense seems to be: New blaod-vessels and nerves do nat appear in the body evea when th 
body is healthy (as a function of nature). Why should they do so under conditions of disease ? 

41. Literally, ‘inta its own nature (à fabratihi)". 
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r with ‘seafoam'#t or fig leaves; or a seraper of haematite or iron pyrite is 
ielected, But it may be seraped with the knife (hdi), and then the scalpel 
gamädin) or the ‘rose-leaf” (warda)® or similar thing is passed over the area, 
Then it is rubbed with the scoup of the style. 

So when he [the physician] is finished with the scraping, he drops into 
îhe eye oil of rose” mixed with egg yolk and moves the eyeball. Then, in 
order to protect against adhesions, he drops in it saliva from chewed cumin 
and salt, after straining them through a tightly woven piece of linen eloth. 
Afterwards he continues moving the eyeball. Then on the second day he applies 
the Haematite [ Powder ]* and strengthens the eye with the Gray or similar 
Kubl. 

If the trachoma is accompanied by ophthalmia and ulcers, and the tracho- 
ma is not their cause, then he begins with the treatment of the opthalmia and 
ulcers, 80 that the treatment of the acute disease precedes that of the chronic 
and that which is of greater harshness is before that which is milder. The 
trachoma should also be cared for by cooling and drying procedures. 

But if the trachoma is, through its roughness, a cause of the two diseases, 
then the treatment is begun by seraping the trachoma, if the two diseases are 
not very severe, and the trachoma is treated with what is milder, accompanied 
by the avoidance of the acrid and strong drugs. But if the two conditions are 
severe, so that scraping would aggravate them. the indicated treatment 
should consist of eleansing, restorative and strengthening measures until [the 
ophthalmia and the ulcers] are reduced to the point where scraping becomes 


from the poured and eooled sugar loaf, but to specify a piece which had been along the edge of the 
mold which would, as a result, provide a larger and smoôther edge with which to scrape. 

813 The name sabad al-bahr *seafnam® was applied by various physieians to several different items. 
It refers at times to the ‘bone’ or bony sbell embedded in the mantle of cuttlefish (sepie), a genus of 
stphalopod mollaks; it also was used to designate pumice as well as coral or sponges, AÏI of these 
items were advocated as serapers for trachoma by Islamic physicians as well as carlier Greco-Roman 
oeulists, For a more complete discussion of the various descriptions of this term by Greco-Roman and 
Hlamie oculists and physicians see my fortheoming study of the treatment of trachoma and its sequelae 
from antiquity through 16th-century Islam. 

32. For an illustration of the surgieal instrument called ‘rose-leaf” see Fig. 4 which presents ophthal- 
malogical instruments from a treatise nearly contemporary with that of Ibu al-Nafis. The instrument 
farthest Lo the right in the second row is the ‘rose-leaf”. The instrument next to it is called a ‘half rose. 
af and was alsa used by some physicians for rubbing trachoma. The scalpel (gamädin) is aléo illustrated 
in Fig. 4 top row, second from the left. For frther discussion of the instruments presented in Fi 
4and 5 see J. Hirschberg, Khalifa aus Aleppo, Das Buch vom Genügenden in der Augenheillunde (Di 
œobischen Augenärzte nach den Quellen bearbeites, IL, Leïpaig: Veit, 1905) pp. 164-174. 

38, For a diseussion of dun (oil) of rose and uils and ointments in general see S. H. Hamarueh and 
C.Sonnedecker, À Pharmaceutical View of Abuleasis al-Zakräwi in Mourish Spain with Special Refir- 
eme to he “Adhän"* (Leiden: Bill, 1963) pp. 117-118. 

34. For Ibn al-Nafis”s recipe for he Haematite Powder (Dhärür) see E. Savage-Smitb, “Drug Thera- 
PY", 0p. eit., p. 100. 

35, Literally, *so that they canot bear the seraping'. 
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The annointment of the eyes with the Rüshnäyä or Bäsiliqün [Kubls}" 
is good, but not the counteracting of this by scraping with sugar and similar 
things, for the eyelid is délicate and there is no need, since there is no roughness 
which the sugar can remove. When ophthalmia accompanies this stage, then 
the Mild Red Shiyäf is suitable. 

As for the second type, its treatment is with something of greater acridness 
and resolution than the drugs for the first type-something like the Green Shiyaf 
and the ancient Bäsiliqün [Kuhl]. However, that produces burning and beat, 
s0 something like haematite, and especially washed haematite, is used, then 
gradually proceeding to the Mild Red Shiyäf; and the eye is annointed with 
the Gray [KublP* so that it may be strengthened. 

As for the third type, its treatment is like the second, but with increased 
acridness, and in most cases there ought to be scraping. 

In the fourth type, the treatment is with the drugs such as we have 
mentioned, but the necessity of scraping is greater than in the third type. 

The nature of scraping: The eyelid is everted either with the finger alone, 
and that is best, or by the end of the probe* being placed on the outside of 
the eyelid and extending its dge until the probe is covered. Then the inside 
[of the eyelid] is scraped either with the edge of a piece of /abarzad sugar — 
byits edge I mean that which is a part of the outside of the sugar loaf (ablj)® 


27. For Ibn al-Nafis's recipes for these two Kubls, see E. Savage-Sroith, "Drag Therapy”, op 
cit., pp. 98-99. Rüshnäyà (or Rüshna3) is from the Persian meaning ‘light-bringing' and as a name 
for a callyrium oceurs in early Islamic ophthalmological literature. The Brst who seems 10 mentian it 
ie “Al ibn Sahl Rabbän al-Tabart (d. ca 240/855), who adds that it is the Persian name for the Basiliqüu 
Khhil (al-Tabart, Firdaus al-hikmo, ed. by M. Z. al-Siddïai (Berlin: Sonne, 1928) p. 175). Bésiligün is a 
trandliteration of the Greek basilikon meaning ‘royal’, which seems to have been « name for a collyr- 
ium among Hellenistie and Byzantine physicians, although it is not eited ia the extant Greek literature, 

28, See E. Savage-Smith, “Drug Therapy "”,0p. cit, p. 99 for Ibn al-Nafñs's recipe for the Gray Kubl. 

29. mil, a probe or style, equivalent to the Greek mole. 

30. Sukkar is the general terra for the sap of the sugor cane which becomes solid upon boïling, There 
are many téchoical terms used for sugar, most of which appear to derive from the various processes 
involved in purifying and preparing the sugar. [bn al-Nafis names three types of sugar: fabarsad and 
abläj, which he mentions as serapers for trachoma, and Sulaymänt which he uses in a compound remelÿ 
for panuus. 

When sukkar has been boiled twice and purified by being poured into a vessel ju which the impuri- 
Lies are separated out, it js called Sulaymänï sugar, a name probably deriving from a trade nate 
associated with the town of Sulaymän in Khüzistän. When sukkar is boiled a third time, after frech 
ilk equal in quantity to one-tenth its volume has been added to 
called jabarsad, from the Persian meaning literally ‘chopped with an axe* 
maoner as apparently so bard that it had to be smashed into emaller pieces, See J. uska,Sukkar"!, 
ÆEncÿclopuedia of Islam, 181 ed. (Leiden: Brill, 1911-1938) Vol. IV, pp. 509-510, for further terms and 
processes used in refining sugar cane. 

Ab is a Persion word for a sugar leaf and is frequeutiy a syaonym for fabarzad sugar (ste F. 
Steingass, Dictionary, op. cit. p. 10 and E. Ghaleb, Dictionnaire des sciences de la nature (Betrat: Tpri- 
merie Catholique, 1965), Vol. I, p. 6). Perhaps Jbn al-Nafis's intent was not only to give another word 
or the type of erystalline sugar to be used, but also 10 specify the edge of not just any piece broken 
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head, and tight-fitting clothes.in short, everything rousing the substances 
(mawädd) and tending to cause them to move in the direction of the face. 

The treatment type by type: For the first type, after the treatment common 
to all the stages, the eyelid is everted and is rubbed with the Acrid Red Shiyaf. 
This treatment alone may suffice; but if not, the Green Shiyäf or the Trachoma 
Shiyäf should be used.# 

Among the excellent drugs there is the one consisting of one part yellow 
amber and two parts scales of copper, kneaded with honey. There is also: 16 
withqäls of burnt copper, 8 mithqäls of pepper, 4 of cadmia* 2 of myrrh, 
2 of saffron, 5 of verdigris. and 20 of gum, kneaded with rain water. 


meaning ‘the leveling (or flattening) of the eushion’ (Avicenna 
Hitdesheim: Olms, 1964) fol. 213r). 

‘The probibitions do not seem 10 be part of subsequent ophthalmological ‘treatises until the 13th 
erntury. AIl the later spellings of the verb sem to derive from the same root, L - { = meaning to cleave 
1 the ground In nearly all manuseripts, including those of Ibn al-Nafis's treatise, the hamza jtself is 
not written. ln the treatise Narijar ol-fikar JT “iléj amräd al-baser (Result of Thinking about the 
Treatment of Eye Diseases) written for the Ayyubid Sultän al-Sälih Najm al-Din Ayyüb (637-647/ 
1240-1249), Fath al-Din Abû al-‘Abbäs Alimad ibn “Uthmän ibn Hibat AIIGK al-Qaisi repents the 
things 10 be avoided, Joosely reudering the admonition against the lowering of the pillow by simply 
saying that one should avoid lowering the head (tankis al” Nat. arabe MS 8007, fol. 
Ta). Writing between 1266 and 1215 Khalifa ibn AI al-Mabäsin al-Halabi in bis The Suffcient in 
Ophthalmology (Kb al-kôfr /T al-kuhl) presents the prohibitions, citing Ibn Sinä as a source but using 
the spelling (lat4”) given in the (spurious?) Rhazian text (Paris, Bibl, Nat. arabe MS 1043, fol, 43b). 
‘The same expression and spelling is found in the ophthalmological treatise written at the end of 
13th century by Sal&h al-Din iba Yüsuf al-Kahhäl al-Hamawi (Paris, Bibl, Nat. arabe MS 3008, 
ol. 41b). 

Ibn al-Nafïs gives the avoidances with some changes in wording and spelling and instead of ‘lower- 
ing the bolster” gives lufu” alneisäda ‘lowering the pillow*. ; This identical expression and spelling 
oéeurs in the 14th-century treatise by al-Shädhili (see above note 20) where the avoïdances are present- 
edin 8 different order and some new ones are added, such as ‘wicked ideas”. While al-Shädhili frequently 
ed Jbn al-Nafis as a source, in this particular instance he is citing a certaia Ibn KamOna who wrote 
3 J'ümi*kitôb al-Häff, apparently à summary of the treatise by Khalifa (Munich, cod, arab. B34, fol. 
Sa; Chester Beatty Arab. MS 3990, fol. 61a which reads Lai, which must be a seribal error for la/uno* 
as the Munich copy rends). 

24, That js, lying on one's face in bed for a long time. See J. Hirschberg, Die Augenheilkunda 
des Ton Sina aus dem arabischer bersetst und erliutert (Leipzig: Viet, 1092) p. 117; compare Avicenna, 
Liber canonis, op. et", fol. 213r. 

25, The recipes for the Trachoma, the Green and the Acrid Red collyriums were given by Thn al. 
Nañs in the chapter of his treatise concerned with compound remedies. For a translation of the recipes 
ve E. Savage-Smith, “Drug Therapy"”, ap. cit., pp. 100-101. Curiously, Tbn al-Naffs in the section on 
compouad remedies recommends the Mild Red Shiyäf for ‘light, inflamed trachoma' and the Acrid 
Ked Shiyäf for ‘advanced trachoma', yet in this chapter be advocates the used of the Acrid Red for the 
fist stage of trachoma. Coliyriums named Trachoma (trachomatikon), Green, Milà Red, and Acid Red 
areall found in Greco-Roman ophtbalmologieal writings. Precise contents differed with each physician. 

26, igtimiya frequently refers to cadroia (calamine, a zinc ore), but can also refer to a scoria of any 
metal, See M. Meyerhof, Un glossaire. Maimouide”, op. eit., 0. 42, and Martin Levey, the Medical 
Formulury or Agräbädhtn of al-Kindï, translated with a study of ts Materia Medica (Madison/Milwaukee : 
University of Wisconsin Press, 1966) p. 234 no. 20. 


iber cononis (Venedig, 1507, reprinted 
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and also the forsaking of sweetmeats, salted nuts,# and things which a 
dessicative, When meat is eaten, let it be that of kid or fattened domesti 
fowl. Isfid-bäj* is an excellent food for sufferers from trachoma, as is als 
yolk of a boiled egg. Certainly there is the obligation of the wet steam bat 
and the forsaking of dusts, smoke, strong anger, shouting, protracted converss 
tion, lowering the pillow,® prolongation of prostration®* and bowing of th 


3990, fol. Ga, and Munich, Bayerische Staatsbibliothek cod. arab. 834, fol, 34), AI-SHAdhIT ve 
Tbn al-Nafs as a mojor source for his writiag and frequentiy cited him by his name 1ba Abï al-Han 
al-Qurashi. For a further diseussion of al-Shädhili and other oeulists who employed this treatise k 
Tbn al-Nafs, see my forthcoming study of the treatment of trachoma and its sequelae from antiquit 
through L6th-century Islam 

21. mawdlih, a Syrian word for salted wuts (H. Wehr, À Dictionary ef Modern Written Arabie, et 
by J- M, Cowen (Itbaca: Coruell University Press, 1961), p. 920). This is a more likely interpretatio 
within the context than ‘dates’ as previously translated (E. Savage-Sinith, *Deng Therapy”, op. it 
p. 102). 


p.43, and Manfred Ullwann, “Yühann3 ibn Saräbiyün, Untersuchungen sur Überliefemnge 
geschichte seiner Werke*, Medisinhistorisches Journal, 6 (1971), 288. In Middle Pareiou the wor 
spéâdbag appeors to have denoted a type of curd sonp (see D. N. Mackenzie, À Concise Pahlavi Die 
sianary (London, Oxford University Press, 1971) p. 76. 

23. These various prahibitions, including lowering the pillow, great anger, shouting, much talking 
and tight-Stting clothes do not appear in Greco-Roman diseussions of this condition nor in very earl 
Syria or Arabic accounts. They appear to have been introduced into Islamic descriptions possiblyii 
the early tenth century. They are by no means mentioncd by all Islamic oculists, but can be tracer 
through some of the literature where they are presented as a group with slight changes in wording 
Throughout the various listinge there is some confusion concerning the word for ‘lowering* the pillow 
perhaps arising from the various orthographieal conventions in vogue at different times. The frs 
mention of the prohibitions appears to be in the Kitäb al-dhakhira ascribed to Thäbit ibn Qurra (à 
288/901) where it is said that one should avoid lifäm at-mikhadda ‘heating [down] the bolster” (ThAbi 
ibn Qurra, The Book of al-Dhakhtra, ed. by G. Sobhy (Cairo: Goverament Press, 1928) p. 38). Thi 
verb may be an error on the part of the editer of the printed edition, for +éhen this passage is late 
cited by al-Rzt ia the Kunnäsh (or Kitdb alfäkhir) it is given as lof" almikhaddo ‘puttiug th 
bolster down on the ground’ (Cambridge University Library, Browne MS P2(1), fol. 1034). AIR 
uses the same expression again when citing ai a source a certain Mubammod (Cambridge Univ. Li 
Browne MS P2(7), fol. 104); for a suggested identification of this Muhammad see M. Meyerbof, “Nach 
op. cit., pe 393 nt. 3. The attribution of the Kitdb al-dhakhira to Thäbit ibn Qurra has heer 
questioned (see for example M. Ullmann, Modisin im Islam, op, cit., p. 136), although others argu 
convineingly that it is genuine (R. Y. Ebied, *’Thäbit ibn Qurra: Fresh Light on an Obscure Medica 
Composition"", Muséon, 19 (1966), 453-473). Furthermore, it is uncertain if al-Räz wus actually thi 
nuthor of the Kunndsh in which the passage by Thäbit is quoted (see Ullmann, Medisin im Jslam, op 
sit, p. 182). It is clear, however, that both treatises were written and circulating by the early 101! 
century. 

Tbu Sin (d. 428/1037) borrowed extensively from al-Räxi when writing his Kitäb ul-Qänin fie 
Hibb, although mostly from al-Héwi by al-Räsï wbere there is no mention of these prohibitions, Wbatev 
his source, [bn Sinà gives the set of things 10 be avoided including lat” at-mikhadda (Qänün TIT,3, 
al-Qänin (Rome: Typographia medicea, 1593) Part J, p. 447). In the Latin translation made by Gerêt 
of Cremona about 100 years after Ibn Sinà died, the words are translated us et applanatonis pulvinar 
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have mentioned. As for the first type, the roughness (khushäna) is light and the 
flowing of tears profuse, because the substance (madda) in it tends to be rather 
thin. The symptow for the second type is that the roughness is more extensive 
than in the first type and subsequently the tears are copious. As for the 
symptom of the third type, in addition to the greater roughness, there are in 
the eyelids cracks like those of a fig. In the fourth type there is a blackishness 
or ash-color observable on the eyelid, along with increased burning; there is 
also a large amount of melancholy and something like a dry seub of à wound 
{khushkrisha) on it, because of the inflammation (iAtiräg). 

There are two onsets (14riday) of trachoma: that which follows ulceration 
of the eye, because its substance is acrid, and that which follows ophthalmia. 
The less injurious form of that which follows blepharitis alone, because 
the substance of the latter is slight, and therefore its injury to the eye is not 
extensive. 

The treatment: As for the treatment of trachoma in general, there sbould 
first be cleansing of the body and head of the acrid burning substance — and 
this is by means of bleeding, beginning first with the cephalie vein and then 
with the veins of the two [inner] corners of the eyes." When it is in the fourth 
stage, or the tempérament is melancholie, it should certainly be accompanied 
by purging [induced] by means of cooked sweetmeats or mashed violets or 
cooked thymeweod. It should definitely be accompanied by anti-inflammatory 
and cooling measures to regulate the temperament, such as the drinking of 
barley water with sugar, or similarly the dilution taken from jujube fruit. 
plums, apricots and similar things. And certainly there should be regulation 
of food and the employment of things which coul and dampen, such as eushaw 
[melons], squash, cucumber pith,! garden purslane, and the quenching grueli® 


18. À amall tract on phleliotomy bus been attribnted to Jbn al-Naffe, Sec M. J,L. Young, ‘A Medie- 
val Ambie Treatise on Venesection"", Abr-Nahrain, 3 (1961-1962), 37-44. 

19, The terms giththä”, qur*, and lubb ol-khiyér, translate here ax cushaw (melons), squash, and 
éucumber pith, are vague terms applying to a variety of plant: hd” gencrally means a variety 
of eueurber or eushaw, but in Egyptit was also applied to a type of melon, Cucumis mel. Qar* appears 
to be a comprehensive term for several varieties of squash, vegetable warrows, and pumpkins, while 
hiyär usually refers to a cucumber, smaller in sise than that meant by the term giththä". For fuller 
discussions of these plant names see Max Meyerhof (ed. and trans.), “Un glossaire de matière médicale 
de Maimonide"”, Mémoires à l'Institut d'Egypte, A1 (1940). nos. 343, 332, and 388. 

20. The word al-masduetr is clearly written in both manuseripts. Je is probubly an unusual spelling 
of masäir, the plural of musarrwear, meaning any dish, usually without meat, given the sick person 
se R. Dozy, Supplément aux Dictionnaires Arabes (| : Bill, 1881; reprinted Beirut: Librairie 
du Liban, 1968) Vol. I, p. 612. F. Steingass suggest that the form muzäuir is short for dshi tas 
the Persian for a gruel or brotb served the sick (A Comprehensine Persian-Enalish Dirtionary (London, 
1892: reprinted Beirut: Librairie du Liban, 1977) p. 1223). Ibn al-Nafis modifs the word with the 
adiretive mufaffya ‘quenching" vr ‘anti-iaflammatory". The 1Ath-centnry Egyptian oculist Suduga 
ibn Tbrähim al-Shädhili in his uf-<Umda abnäriya fi al-amrôd al-basriya (Oculistic Principles for the 
Diseases of the Visual Apparatus) also recommends the gruel. spelling it in the same way as did Ibn 
AENañs, but modifying it with the adjective muraffiba ‘cooling (Dublin, Chester Beatty Arab. MS 
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the substance in the two diseases is the same, then most of the time blepharitis 
precedes trachoma and is a warning of it, because the place of the outbreak 
on the eyelid is at first thin, but afterward thickens and produces trachoma. 
Ulceration of the eye also precedes and forewarns of trachoma because the 
ulcer-producing (muqarriha) acrid substance (mädda) reaches the eye, in most 
cases, by way of the thin integament; and this can bappen only after it has 
developed on the eyelid. Thus this substance produces first blepharitis and 
then nlceration of the eye. For the eye is soft and substances (mawädd) are 
retained in it; thus it is affected by that [acrid and ulcerating] substance before 
that same substance can affect the eyelid sufficiently to cause trachoma." 
And ophthalmia (ramad) without ulceration may precede it. and that is when 
the substance is not acrid enough to produce ulcers, 

The trachoma may be made up of four stages which they call ‘types’. The 
first type is the appearance on the eyelid of inflammation and roughness which 
is like dry mange but not like pustules. The cause of this redness is the fever 
(sukhüna) of the blood and the blood’s being drawn (injidhäb) to the eyelid 
due to the heat of the substance (mädda) and the irritation of rubbing. 

In the second kind the roughness increases on the eyelid, accompanied 
by pain and heaviness, because of the large quantity and detrimental nature 
(radéa) of the substance (mädda). 

The third type is called the “ig-like!” because on the inside of the eyelid 
there is something resembling the core of the fig, and on it there are cracks 
and greater roughness. 

In the fourth type there is more roughness and greater damage, and there 
is itching accompanied by pain and increased hardness, and the scaliness can 
hardly be seraped off, especially the part of it which has been there for some 
time, Sometimes it [the fourth type] is accompanied by superfluous eyelashes 
[distichiasis and trichiasis] since the substance, with its inflammation and 
corruption, may be conducive to the development of cyelasbes. The substance 
of the trachoma may be nitrous phlegm; it may come about from feverish 
blood or sometimes from slightly melancholic blood which is aleo fevered. 
Often it results from continued exposure to sunlight, dust, or smoke, accom- 
panied by poor cating habits, unhealthy food, salty things, condiments, pun- 
gent vegetables, or similar things. 

The symptoms : The general symptom of trachoma is the itching of the eye- 
lid, and when it is everted there is evidence of the redness and roughness we 


16. The sense scems to be that the acrid substance gets its start in the eyelid, where it products 
blepharitis and eventually trachoma, meanwbile spreading to the eye itself wbere it produces ulceration. 
‘The nleeration of the eye is then observable before the trachora of the eyclid is. 

17. fini, à translation of the Greek sykosis. The adjective Gg-like was applied to the papillary stage 
of tachoma, resembling the inner surface of a Gg ripe to bursting aud is found in Hellenistie medical 
writings and all subsequent discussions of the subject. 
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Fifth Section (jumla): On diseases related 10 the visual faculty (al-qurera al-bdpira); the 
discussion is divided into a introduction and 7 subscctions (fvsül). 
Introduction (mugaddima), in which we will discuss the infirmities of vision and 
usses 8 types]. 
(1) Ou dimness of vision (du%/ al-bayar) [amblyopia and amanrosis]. 
(2) On nightblindness (al-fashä"), which is called al-shabkara [nyctalopia]. 
(3) On dayblindness (jahar) and it is called al-khafash (‘being able 10 see only 
at night") [bemeralopi: 
(3) On snowblindness (quai). 
(5) On the eye's avoidance of brightness and sunlight, 
(6) On the destruction of vision (buflän al-basar). 
(7) On tbe mixing up of vision (rushish al-bayor), that is, the seeing of phantoms 
Cu'ya at-khoyälün. 

Sixth Section (jumlo): On the conditions (a/nedl) related to tho humors (ru/übät) and pneu 
(al-arwdh) which are ia the interior of the eyehall, The discussion 
divided inta 4 sabsections (fusil). 

Q) On the affections (al-ahueäl al-“ärida) of tbe albuminoid [uqueoue] humor 
{abrutis al-baydiye). 

(2). On the affections of the crystalline humor (alrufüba al-jalidiya). 

()_ On the affections of the vitreous humor (al-rwfüba al-zujäjfya), 

(4) On the affections of the pneuma (rh) in the eye. 

Seventh Section (jumla): On the diseases related 10 the remaining ports 0f the eye. It is 
divided into 2 subsections ( fusil). 

(1) On the diseases occurring in the remaining turics of the eye, 
(2) On the diseases affecting the optie nerves (al-Sasab al-näri). 


On Trachoma Occurring on the Eyelid' 


The difference between blepharitis and trachoma is that even though an 
itching does accompany both, with the one called blepharitis (kikka) there 
are no pustules and no crustiness to be reckoned with, and there is no ulceration 
or cracking, as in trachoma. The substance‘ of the two diseases is an acrid, 
nitrous moisture (hadda bawragiya rutäba), but in blepharitis it is thin and 
scraping alleviates it and removes it from the pores, while in trachoma it is 
thicker because of its building up and being covered with pustules. Since 


13. Comprisiug the 20th subsection (fasl) of the first chapter (bb, on diseases of the «y 
second section (jumla) of the second book (namaf). This section oecupi 
ol, 923-94a. 

14. The word mâdda ‘substance, matter” refers in this context to both the moist discharge of the 
eye and the internal substance of the eyelid. The term médda. is also ermployed in some medical writ- 
ing in the sense of the substance or material of the disease itself. Je is apparent that overtones of this 
ae of mädda as disease-matter are intended here as well. For an interesting diceussion of the uncertain 
origine of {bis notion of médda as disease-matter see Rufus von Ephesos, Krankenjournole, ed. by Man- 
fred Ullmanu (Wiesbaden: Harrassowitz, 1978) pp. 26-28. 


) of the 
in S fols. 93b-06a aad ia V 
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Introduction (nruqaddimo), 
bat): 


(8) 
FH Oa the th 
ü) On the ov 

Ce Pts 
(11) On papilloma (al-tita). 
(12) On itebing (hikka) of the conjunctiva. 


(13) On lachryr 


On disesses relating to the conjunetiva (al-fabaga al-muliahimu); 


On ophtholmia (ramad). 

On inflation (intifkh) oecurring to the conjunetiva [edema! 

On the blood spot (farfa) [ecchymosis of the conjunctiv 

(On callosity (jasd') happening 10 the conjunctiva, 

On phlyctenulosis (al-1adagu). 

On purulent uleeratioa (al-dubayls) in the conjunctivi 

On the separation of the connection which occurs in the conjunctiva 
Cafarrug abitisl) [rupture of tissues]. 

On parus (sabal). 

On pterygium (sa/aro). 

Mesh along tbe conjunetiva (oi-lahm ul-sd'id) [gran- 


ou (dame). 


Sceond Chapter (bb): On the diseases related to the cornea (al-fabaga al-qarniya). 


a) 
@) 
6) 
(4) 
6) 


6) 
@ 


Third Chapter (bé): On the disenses related to the * 


a) 
@) 
6) 


Ie is divided into 7 fusil. 

On pustules (buthi) oceurring on the cornes. 

On corneal uleeration (gurfk) and pitting (hafar). 

On perforation (khurïig) of the cornea and cormeal protrusion (auti') [sta- 
phyloma or keratectosia] and corneal abrasion (silkk). 

Gn the altération of the color of the coraea to white, red, or yellow or 
sitailar color. 

On the ‘hidden matter’ (kumnat al-midda) under the eornea [formation 
of pos behind the cornes, hypopyon]. 

On cancer (sarafan) of the cornea. 

On departure (khuräj) of the comes from its normal state (iftidl, equi- 
Tibrium) due 10 moisture or dryness, 


pelike’ tunic (al-fabaga al 
is]. The diseussion is divided into 3 subsections 


<inabiya) ['aves 
Gur). 

On ‘blueness' oceurring in the eye (zurge) [laucoma]. 

On prolapsis of the iris (nur al. “inabiya). 

On the separation of connection (farrug al-ürisél) which bappens 10 the 
iris (rupture of tisues]. 


Kourth Chapter (bât): On the diseases related to the pupil (hadago), that is, the per- 


a) 
@) 
(3) 


Pres of the ‘uvea’. These diseases are three in number, namely 
jou, contraction, and blockage (insidäd); so therefore in this 
a Fos the discussion will be divided into 3 subsections (fu). 

On dilation (tris8*) of the pupil, and this is called ‘the spreading' (al-intishdr) 

On contraction (dg) of the pupil. 
On water descending (al-md° al-ndzil) in the eye [eataract]. 


Fourth Section (jumb): On the diseases of the body of the eyeball (jumlat al-mugla) . Their 


[0] 
@ 
6) 


treatment is divided into 3 subsections (fusil). 
On squint (hawal) [strabismus]. 
On protruberance (juhe) of the eye [exophthalmus; 
On the sinking (ghater) of 1he eye and its reduction à 


Estrophy]. 
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Second Chapter (b4b); On the principles (ahkäm) af individual oeuler drugs, divided 
into a 2 subsections (fusül). 
U)_ On the principles of simple drogs. 
(2) On the principles of compound drugs. 
Second Section (juml): On diseases of the external part af the eye: tbe discourse is divided 
into 2 chapters. 

First Chapter (bb); On the diseases of the eyelid (jafn); it à 
tion, 40 subseetions (fuyGl) und an appen 
Tutroduetion (mugaddima). 

Q) On lice (gaml and gimgôm) which attack the eyelids. 

() On uleerative blepharitis (sulég) of the eyelids, and in Greek its name is 
abisimà. 

Gosà') [induration]. 


ivided into an introduc- 


(5) On the 


(7) On heavinese (thigal) of the lids. 
{8} On boils (dummal) in the eyelids. 

(9) On the rash (shord) which oceurs on the eyelils. 
(10) On hailstone (barada) [ehalazion], 

(1) On the stye (sha‘fra). 


(13) On corrosion (or uleeration, ta’k31) in the eyeli 
(14) On cystie tumors (sila*) oceurring in the eyelid. 
(5) On itching (fikka) of the Hd. 
(16) On roughness of the eyelids (khushünat al-ajfan). 
{17} On excoriation (or a mild and dry cruption: 20 fa). 
(18) On the ulceration (qurif) of the eyelid and its rupture (khardq). 
{19) On ‘the ant” (namle) [eracking or formication ]. 
(20) On ‘scabies” (jarab) oceurring on the eyelid [trachoma]. 
(21) Oa the papilloma (tüta) of the lid. 
(22) On excessive edema (wa/dinaj) occurring in the lid [chemosis]. 
(23) On a hydatid cyst (shirnäg). 
(24) On the sticking together (iisäg) of the eyelids [symblepbarou]. 
(25) On sbrinkage (shatra) of the eyelid [and eversion; eetropioi 
(26) On slackening (istirkhd") and drooping (insi‘al) of the eyelid [ptosis]. 
(27) On superfluons lashes (sha°r zd'id) [distichiasis]. 
(28) On ingrown lashes (sha°r mungalab) [trichiasis]. 
(29) On falling out of the eyelash (intithär al-hudub). 
(30) On whiteness of the eyelashes (bayäd al-ahd3b). 
Appendix (khätima) ro the chapter in which we discuss uanatural (ghoir {ab}ya) 
things which oceur to the eyelid [including ‘dead blood”, a blick eye]. 
Second Chapter (bäb) diseases of the corners [canthi] of the eye. The discourse 
is divided into 3 subrections (fusil). 
(1) On the lachrymal abscess and fistula (gharb). 
(2) On the overgrow th of Hlesb of the canthus (ziyäda af al-mu'g) [granulation], 
(3) On the loss of some of the flesh of the canthus (ruggén lalmat al-mu°g). 
‘Third Section (jumla): On the diseases of the middle of the eye. The discussion is divided 
into an introduction and 4 chapters. 
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‘Third Chapter (38): On the causes of the conditions (alwäl) of the eye: 
divided into 2 sections (fl). 
(a) On the general (kulliya) causes. 
(b)_ Un causes of fever (al-musakhkhinät) io the body. 
Fourth Chapter (bb): On the symptoms of the conditions of the eye; and the disens. 
sion is divided into 2 sections (Juil). 
(8) On the evidence from which the conditions of the eye are known; it 
into 10 topics (qirm). 
(1) Vision (ibyär). 
(2) The funetion (fi) of the eye in regard to nourishment (ghidha). 
(3). The function of the eye in regard to superfluities (fudi). 
(4) The functions of perception (hiss) and motion which bélong to 
the eye. 
(5) The parts of the eye. 
(6) Things agreeing and disagreeing with the eye. 
(7) The color (laien) of the eye. 
(8) The feel (malmas) of the eye. 
(9) The shape (shakl) of the eye. 
(10) The size (migdér) of the eye. 
(b) On the prognostie symptoms (“aldimdt délla) of the conditions of the eye. 
Second Section (jumla}; On the principles of the practical (‘amalf) partion of this art: it is 
divided into 2 chapters. 
First Chapter (bb): On the care (hifz) of the healthy state (sifho) of tbe eye. The 
eussion ie divided into 2 subdivisions (fui 
{1)_A general diseussion on the care of the health of the eye. 
() On the rules of everyday eatiog from which are chosen what is suitable 
for maintaining the health of the eye. 
Second Chapter (bb): On the treatment (‘il4j) of eye diseases, in a general discussion; 
it is divided into an introduction and 5 subdivisions (fui). 
Introduction (mugaddim 
(1) On the regimen (tadbr) by means of diet (ghidhä"). 
(2) On the treatment (*àj) by means of drugs (dand'). 
(8) On the treatment by means of the hand [surgery]. 
{#)_ On the treatment of dyscrasia (sucd”; imbalance) of the temperament of 
the eye. 
(5) On things which Iessen the pains of the eye. 


ided 


SECOND BOOK (nama/): On the ramifications of this art. We thought that in this book: we wonld 


combine theory (‘ilm) and practice (‘umal) since that js easiest for 
teaching, and that we would divide the discusaion into 7 sections. 
On eye medicines (adwñya), both simple and compound: it is divided 
into 2 chapters. 
First Chapter (bb): On the practical principles concerning these drugs: 
into S subsections (fuyül). 
(1) On the classes of eye medicines: 
(2) On determining the temperaments (amzija) of the eye medicines. 
(3) On the qualities (sifét) of the drugs of the eye. 
(4) On the determination of the fanctions (af“äl) of eye medieaments. 
(5) On things which counteraet the eye medicines because of the composition 
(arkib) and the like, 


is divided 
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Following the outline of the complete contents of the treatise there will 
the translation with commentary of the three chapters. À glossary of terms 
loyed by Ibn al-Nafïs in the three chapters on trachoma, pannus, and 
#ygium follows the edited Arabic texts. In the treatise itself there is no 
xarate table of contents, The following outline is drawn from the section 
adings throughout the treatise. 


The Perfected Book on Ophthalmology 
by Iba Abï al-Hazm al-Qurashi [knows as Ibo al.N4 


PRÉFACE (mugaddima), consisting of three sections (fus). 
First Section: On what is the nature of the ocular art (Hat 
Second Section: On the distinguishing featares of animale in regard 10 the eye. 
Third Section: On the special properties of men in regard 10 the eye. 

FIRST BOOK (namof ): Oa the principles of this art. and it 
First Section (jumla): On the principles of the theoretical part (al-jus' olnazari) of this 

art: it is divided into 4 chapters. 
First Chapter (bb), which is divided into 2 subsections. 

First Subsection (fann): On the constitution (khilga) of the eye. The discussion 
of it is divided into 10 divisions. 

(1). On what is the nature of the eye and its parts and utility. 

€) On the distingoiching features of the eye (asnôf al-"ain). 

(3) On the path of the visnal poeurna, which is to say the optie nerves. 

(4) On the nerves moving the eyeball (muglo). 

(5) On the nerves moving tbe eyelids (ajf2n). 

(6) On the muscles of the eyeball. 

(7) On the muscles of the eyelids. 

(8) On the nature of the eyeball. 

(2) On the mature of the eyelids. 

(10) On the temperament (misdj) of the eye and its parts. 

Second Subsection (ann): On the function (f°1) which is unique to the eye, 
whickis to say vision (aLibyär). It is divided into 10 divisions (fui). 

(1) On the eoumeration of tbe visual things (al-askyd" ol-mubsira). 

€) On the explanation of statements frequently employed concerning the 
subject of this subsection, 

(3) On the conditions favorable for vision by the eye. 

(4) On tbe opinion of the learned (‘ulamä') concerning vision (al-ru'ya). 

(5) On the arguments of those talking about these ideas. 

(6) On the idleness of the opinions of those disagreeing, and their arguments, 
and the victory of the truth, which is to say our belief and convie. 
tion about it. 

(7) On the simplicity of the argument concerning the reasonableness of our 
belief and its demonstration. 

(8) On nncertainties (hubah) which might be presented with regard to our 
theory of vision. 

()_ On the main part of these doubts (shukik). 

(10) In which we diseuss an uneertainty (subha) generally presented with regurd 
to vision (ibyär). 

Second Chapter (bàb): On the diseases of the cye, and it is one section (fasl), 


ivided into two sections 
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The Perfected Book on Ophthalmology is extant in three known manuscripts. 
The oldest manuscript is in the Biblioteca Vaticana Arab. MS 307, entitl 
Kitb al-muhadhdhab fi tibb al-“ain, consisting of 186 folios and completed 
the scribe on 30 Shawwäl® 851 A.H. (7th January 1448 A.D.). The secor 
copy was in the private collection of Paul Sbath, MS 17, now housed at t} 
Biblioteca Vaticana as Sbath MS 17. entitled Kiütäb al-muhadhdhab fi hikn 
alain: it is undated (ca. 18th century) and incomplete with only 97 folia 
Both manuscripts are written in naskhi script. The first and last folios of Bit 
Vat. Arab. MS 307 (hereafter designated by V) are illustrated in Figs. 1 and 
while Fig. 3 shows the first folio of Sbath MS 17 (hereafter designated by S). 

In editing the three chapters I have made certain orthographical correctior 
in the text, adopting the modern form of writing the words, which 1 have n 
given as variant readings. In both manuscripts when an alif is followed by 
bamza, the hamza is not written and the alif has a madda; thus .L is writté 
as, as T> , and Lixl as UT-1. I have consistently omitted t| 
madda and added the hamza. The orthography of the medial and final bam: 
varies in the manuseripts, and { have written them in the text in the mo 
common form found today. For example, :4; appears as 34\; in both man 
scripts, ris written as 27, 3 occursas 4 , and Lis, is written as W1 
in Sand lil; in V. In V there is occasionally found an extra alif not réquirt 
today in the imperfect third person singular form of the verbs ending in tu: 
eg Le instead of de. 

Both $ and V nearly always write the expression à -+ Li ‘as for... 
ob ++ Li. Perhaps they both derive from a copy written in a maghribi scrif 
1 have chosen to write 56 .… LI in the text. In S alone, both (ob) à 
sas for …" and 6Y ‘because’ are always followed by the jussive, e. 
This usage has not been noted in the variant readings. 

In the edition of the text for these three chapters, the underlining of wor 
corresponds to words in the manuscripts which are either rubricated 
overlined, 


+ 


ipt is in the Staatsbibliothek Preussischer Kalturbesitz in Berlin, MS 
tled simply Kitäb al-muhadhdhab and consists of 225 folios, completed by 
seribe on 1$ Dh@ al-Qu*da 1115 A.H (21 March 1704 A.D.). It is aleo written ja naskhf seript. 1 
third copy of the treatise was just brought to my attention as this article was going to press and ti 
ore, unfortunutely, on of the edited text, The maguseript is descril 
by Rudolf Sellheim, Materialien zur arabischen Literaturgeschichte (Verseichnis der oriengalischen Ha 
schrifien in Deruschland, X VIT, À, Wiesbaden : Steiner, 1976) pp. 213-216, The author wishes 10 th 
Professor Man£red Ullmanu of Täbingen for bringing this to her attention, 

Yet a fourth copy of this treatise is listed by Paul Sbath in Al-Firis (Catalogue de Manust 
Arabes), premièra partie: ouvrage des auteurs antérieurs au XVIIe siècle (Cairo, 1938) p. 85, where 
mentions among manuseripts held in private collections in Aleppo à copy of this treatice owned } 
Zabidi. The present location of this fourth copy is unknown, 

12, There are only 29 days in the month of Shawwäl; it is supposed that the eeribe inter 
the end of Shawwäl, or the 29h rather than the 30th. 
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By and large we can see him holding to his maxim as reported® by al- 
“Umari that “he never departed from the method to which he was aceustomed; 
be did not prescribe a remedy as long as he could préscribe a diet, and he did 
not preseribe a compound remedy as long as he could content himself with a 
simple drug”. His emphasis upon regimen and diet is clearly greater than 
other medieval oculists, and while frequently referring to compound remedies 
he nonetheless does not employ as many as his predecessors. On the other 
hand, he advocates less purging and phlebotomy than bis predecessors. His 
operative instructions are more detailed and extensive than most writers. 
His emphasis, consonant with that of his other writings. is more on the theoret- 
ical than on the practical, although the practical is not overlooked. He does 
not describe personal cases and seldom quotes previous authors by name. Yet 
his surgical procedures are thoroughly described and more detailed than those 
of his predecessors. In the procedure for excising pannus and pterygium he 
employs an instrument — a thin knife called a mislakh - which it seems is frst 
mentioned in his writings. He also implies that some questioned the advisability 
of surgically removing pannus. À detailed comparison of Ibn al-Nafis's ideas 
with those of his predecessors and successors will be made in a later study of 
the treatment of trachoma and its sequelae from antiquity through sixteenth- 
century Islam. 

The Perfected Treatise on Ophthalmology is divided into two books and a 
préface. The preface contains an interesting discussion of the distinguishing 
features between different animals with regard to the eye. The first book is 
divided into two parts, the first dealing with theoretical matters including 
theories of vision and causes and symptoms of ocular affections, and the second 
portion on practical principles of care for the healthy eye and the diseased eye. 
The second book combines theory and practice, encompassing sections on 
simple and compound remedies and the treatment of diseases occurring in 
différent regions of the eye. The order, arrangement, and emphasis are indeed 
quite different from the well-known ninth- and tenth-century manuals of 
Hunain ibn Ishäq and “Al ibn “Îsä al-Kahbäl. This treatise is of interest first 
of all because it is possibly the most thorough and complete of all medieval 
Arabic ophthalmological tracts, and secondly because it contains some original 
ideas and approaches introduced into the treatment of these diseases by a 
well-known medical theoretician. AI in all, it certainly does not deserve the 
dismissal afforded it by previous historians.!° 


9.M. Meyerhof and J. Schacht, Theologus Autodidoctus, op. cit.. p. 16. 

10. See M. Meyerhof and J. Schacht, Theologus, ap. eit., p. 23, and M Ullmann, Medisin im Islam. 
gp. cit,, p. 213; see also Casey Wood, The Lost Manuseript on Ophthalmology by the Thirteenth- 
Century Surgeon Ibn al-Nafis”', Journal of the American Medical Association, 104 (1935), 2122-2123, 
The treatise has not been studied in any detail by medical historians prior 0 the present author; Mux 
Meyerbof was able to quickly examine one of the manuseripts not long before his death. 
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procedure known in the West as peritomy and practiced well into this century 
_ was viewed by medieval physicians as a means of stripping off the pannus 
from the conjunctiva. In actual fact peritomy consisted of excising a strip 
of conjunetiva from the selera around the limbus adjacent 10 the cornea with 
the purpose of eutting of the vascular supply. The medieval procedure frequent. 
1y resulted in removiug layers of the corneal epithelium. It could result in a 
great deal of bleeding and the formation of a comneal scar. Pterygium, on the 
other hand, was and is successfully removed surgically, although it frequently 
recurs later. 

The ophthalmological tract by Ibn al-Nafïs represents a fuller treatment 
than in the ‘classic’ ophthalmological manuals of the late tenth century, such 
as those of SA ibn ‘Îsä al-Kabhal or “Ammär ibn °AJi al-Mawsili.* The 
treatise allows us to see Ibn al-Nafïs at his most creative and original, especially 
with regard to the theoretical aspects of his analysis. This is particularly evident 
in his discussion of whether pannus is natural or unnatural (normal or patho- 
logical), the parallel drawn between excision of pannus and circumeision, his 
theorizing as 10 the condition under which pannus is especially contagious, 
his laying down two conditions which provoke the onset of trachoma, and 
generally his concern with the causes of and relationships between diseases. 
He compares in detail pterygium and pannus, and it appears that be was the 
first to introduce the idea that pterygium is a form of pannus. {bn al-Nafis 
does not show as much dependence upon the ideas of Ibn Sinä as one might 
expect from a commentator and epitomizer of the Qänün. Nor is his treatise 
merely a rewording of the major ophthalmological tracts written up to his 
day, although there are, of course, many ideas and techniques common 10 
them all. 


 Hunain wrote the Greek word as gfrsifihälmtyà which suggests 
n Greek word from kirses meaning an enfargement of a blood-vessel and ophthalmia a disoase of the 
eye. AIRE, citing Hnnain us a source, stated that the Greek name is derived from the word al-dauéli, 
apparently trying to define the tranaliterated Greck word given by Hunain (ol-Räa5, Ab0 Bakr Mubame 
mad ibn Zokariyä, Kitäb al-häu fï al-tibb, Rhases* Liber Continens. An Encyclopedia of Modicine, Part 
IT. On the Diseases of the Eye (Hyderabad: Osmanix Oriental Publication Bureau, 1974/1955) p. 145: 
see also Max Meyerhof, *Nachträge ur Geschichte des Begriffes Pannus*”, Archiv Jür Geschichte der 
Modixin, 20 (1928) 391, The Arabic word al-dowäli is an early technical medical term for varicositys 
for examples of its nse see P. de Koning, Trois traités d'anatomie arabes par Muhammad ibn Zakariyya 
al à, AIN ibn al-"Abbäs et “AIS ibn Sinû (Leïden; Brill, 1903) p. 817. 

8. For texts and translations see “AÏi ibn “Isä al-Kahhäl, Tadhkiratu*l Kabhälin, ed, by al-Hakim 
al-Sayyid Ghous Mohiuddin al-Sburafi (Hyderabad: Osmania Oriental Publication Bureau, 1964): 
Casey A. Wood, Memorandun Book of à Tenth-Century Oeulist for 1he Use of Modern Ophihalmologists 
(Chicago: Northwestern University Press, 1996); AU ibn ‘6, Erinnerungsbuch für Augenärste aus 
arabischon Handschrifien, trans. by 3. Hirschberg and J. Lippert (Die arabischen Augenärzte nach den 
Quellen bearbeitet, L, Leipzig: Veit, 1904); and “Aminär ibn “AI al-Mawsili, Das Buch der Auswoll 
von den Augenkrankheïten. trans. by J. Hirschberg (Dis arabischen Augenôrste nach den Quellen bear: 
beitet, IT, Leipaig: Veit, 1905) pp« 1-152. 


(Cairo: Gaverament Press, 1928) p. 
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with the liquid immediately before applying® The previously mentioned article 
on Ibn al-Nafïs’s drug therapy can be referred to for the particular recipes 
ofthe drugremedies which Ibn al-Nafïs mentions only by name inthe following 
sections 

A brief word is necessary here concerning the conditions themselves. Tra- 
choma (from the Greek trachomata ‘roughnesses’) was well-known to both 
Greco-Roman and Islamic physicians. lt was considered to consist of four 
stages and to be a disease of the eyelid.* Today it is viewed as a disease of the 
conjunctiva in which dense, bard-packed papillae form on the inner surface 
of the eyelid, resulting when untreated in several complications and sequelae. 
It was given the Arabie name jarab meaning *scabies’. The condition known 
today as pterygium (from the Greek pterygion “wing') is a triangular-shaped 
ingrowth of the conjunctiva onto either side of the cornea, most frequently 
on the nasal side. It was known to Greco-Roman physicians who classified 
it as a disease of the conjunctiva and described procedures for removing it 
surgically. The Arabic term for the condition is zafara ‘pellicle”. 

The first description we have of pannus is by the ninth-century physician 
Yübanna ibn Mäsawaih.® By the tenth century Islamic physicians knew it to 
be always associated with trachoma. This invasion of the cornea by vessels from 
the limbus is indeed a secondary characteristie of trachoma, Oecasionally the 
entire cornea becomes vaseularized and the overlying corneal epithelium 
becomes irregular and shows small punctate uleers.® The Arabic for it is sabal 
meaning ‘rain’, and the disease was classified by medieval Islamic physicians 
as a disease of the conjunctiva. There are no known Helleuistic or Byzantine 
sources which describe a condition which could be interpreted as pannus. 
However, the ninth-century oculist and translator. Hunain ibn 1sbäq stated 
that there was a Greek name for the condition.” The excision of pannus — a 


3. For further discussion of tbe manufacture and use of various compound ocular remedies see 
Harold Niclsen, Ancient Ophihalmological Agents (Acta Historica Scientiarum Naturalium et Mes 
cinalium, Vol. 31, Odense, Odense University Press, 1974); Mubarmmad ibn Qassüm ibn Aslam 
Ghäfigi, AL-Morchid f1-Kohhl ou Le Guide d'Oculistique, trans. by Max Meyerhof (Barcelona: Labor 
toires du Nord de l'Espagne, 1933) pp. 159-165; Pauhus Aegineta, The Secen Books of Paulus Aegineta, 
(London: Sydenbam Society, 1844) Vol. III, pp. 543-577; and E. Sa 
,0p.cit. See also J. Hirschberg, Geschichie der Augenheilkunde, Buch 1: Geschi 
chte der Augenheilkunde im Altertum (Vol. XL of 2nd eil. of Graefe-Saemisch, Handbuch der gesamten 
Augenhilkunde, Leipzig: Engelmann, 1899) pp. 232-242. 

4. See Max Meyerhof, “The History of Trachoma Treatment in Antiquity and During the Arabic 
Middle Ages", Bulletin de la Société d'Ophtalmologique d'Egypte, 29 (1936), 25-87. 

5. Max Meyerhof, **Neues sur Geschichte des Begriffes Pannus®*, Archiv für Geschichte der Modisin, 
19 (1927), 240-252. 

6. For all three conditions see Patrick D. Trevor-Roper, The Eys and its Disorders (Oxford/Londou : 
Blackwell, 1974) pp. 404-410 and 461, 

1. Hunain ibn Ishäq. The Book of the Ten Treatises on the Eye Aseribed 19 Hunain ibn Tshäg (809- 
#TI A.D.). The Earliest Existing Systematie T'extbook of Ophthalmology, ed. and trans. by Max Meyerhof 
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“ill consist of a translation and edited text of the conten 
for the entire treatise and three complete chapters concerned with the treu 
ment of trachoma, pannus, and pterygium. These three conditions were selecte 
as examples of ophthalmological techniques to be analyzed in detail in tk 
treatise by Ibn al-Nafis because they were and still are today in the Ner 
East major causes of blindness, and because they illustrate some intricai 
surgical procedures as well as the general therapeutic principles used ft 
treating eye afflictions. 

Pannus was recognized, at least by the tenth century A.D.. as being 
characteristie companion of trachoma, wbile several thirteenth-century au 
later physicians including Ibn al-Nafis clearly considered pterygium to b 
related to or a form of panaus, although today a direct relation between trs 
chomatous pannus and pterygium is not recognized. Islamic physicians recog 
nized trichiasis and entropion (ingrown eyelashes and rolled in eyelids) a 
sequelae of trachoma, but for the present only trachoma, trachomatous pannu 
and pterygium are dealt with here. 

In an earlier article L translated the recipes for compound remedies fo 
these three diseases given by Ibn al-Nafïs in the formulary comprising a: 
earlier chapter in his Perfected Book on Ophthalmology.® Throughout the fol 
lowing translations references will again be made to different compound druge 
Among Islamic writers ocular remedies fell into two categories: a ku/l (a ven 
fine powder) and a shiyaf (roughly translated as collyrium). The kuls wer 
of three types: the simple kufl applied to the eye with a probe (mil), a barî 
(coolant) whose ingredients were considered cooling, and a dharûr (powder 
which was sprinkled ou the eye without the use of a probe. The shiyaf had gun 
arabic or sarcocol as a base and was mixed with a plant juice, wine, vinegar 
rainwater, or other liquid. There were two classes of shiyäf, mild ones ant 
acrid ones, while some were classified according to the action of their ingredi 
ents, such as caustic or cicatrizing or narcotic (usually if they contained opium) 
The shiyäf was customarily formed into a cake or bar for storage and mixec 


The present study 


2. Emilie Savage-Smitb,* ‘Drug Therapy in Trachoms and its Sequelae as presented by Ibn al-Nofis 

Pharmacy in History, 14 (1972), 95-110. In this earlier article J also tranelated selected paragraph 
of the three chapters given in their entirety here. The present study in several respects constitutés 
correction to those parts of the earlier article. Moreover, in translatiog portions of his Formularÿ 
inadvertently omitted two recipes specified as useful for pterygium. Among the Sbiyäfs they nambe 
26th and 27th in his listing. Their translation is as follows: 
26] The Quisar (Caesar's) Sbiyäf for pterygium. Its recipe: waëhed haematite 12 dirbamt 
gum arabie and burnt copper 1 dirham each: burut yellow vitriol and verdigris 2 dirhams each 
kneaded with fennel water. [No. 27] Shiyäf for pterygium; its recipe: washed baematite 3 dir 
hams; burnt copper 2 dirhams; coral and pearl F dirham each; gum arabic and gum tragacantl 
24 dithams each; pepper 44 dänigs; white lead 1 dirhams realgar, Dragons blood, saffron 
and yellow amber, à ditham each; kneaded with chicken blood (dam al-farärikh), dried an 
applied with milk of 4 wet nurse (laban jâriya: see note 74 below). 


Ibn al-Nafïs’'s Perfected Book on Ophthalmology 


and His Treatment of Trachoma and Its Sequelae 


Eure Savace-Smirn* 


HE THIRTEENTH-CÉNTURY SYRIAN-TRAINED OPHTHALMOL- 

OGIST and chief of physici n Cairo, Ibn al-Nafis, is well-known 
to medical historians for the earliest description of the pulmonary circulation 
of the blood which he presented in his Commentary on the Anatomy in Ibn 
Sind's Qanän (Shark tashrih al-Qänün) and again in his Commentary on the 
Entire Canon of Avicenna (Shark al-Qänän). Ibn al-Nafïs, better known in the 
Islamie world by his nisba al-Qurashi, was an authority on religious law, logic, 
and theology, as well as a prolific writer of medical tracts. In addition to the 
commentaries on the Qänän of Ibn Sinä (Avicenna), he wrote a popular Epit- 
ome of the Qanin, commentaries on the Hippocratic treatises The Nature of 
Man and Epidemies, a commentary on the Questions on Medicine written in 
the ninth century by Hunain ibn Ishäq, a Reference Book for Physicians, and 
an extensive Comprehensive Book on the Art of Medicine, and The Perfected 
Book on Ophthalmology.» 

In the latter treatise Ibn al-Nafïs presents a very thorough and systematié 
summary of ophthalmological practices in the thirteenth century, in which 
he presents some topics and approaches not to be found in the earlier literature. 


“Gustave E. von Grunebaum Center for Near Eastera Studies, University of California, Los Angeles, 
California 90024. The author wishes 10 thank La Biblioteca Apostolica Vatieana and the Bibliothèque 
Nationale, Paris, for supplying copies of manuseripts used ja this study and for permission to publish 
Phétographx and translations of portions of them. The examination of mamuseripts at the Dür al. 
Kutub in Cuiro was made possible by the Smithsonian Institution through the American Research 
Center in Egypt. The author also wishes to thank the staff of the Dâr al-Kutub for its assistance and 
the Chester Beatty Library, Dublin, the Bayerische Staatsbibliothek, Munich, and the Cambridge 
University Library for supplying copies of mannseripts. These microfilms os well as other materi: 
vert made available with the support of a grant from the American Philosophical Society, Penrose 
tt No. 5714. Most especially the author is grateful to Bruce G. Inksetter who carefully and 
dy read the edited text and translation and generously offered suggestions. All errors, 
however, are the responsibility of the author. 

1. For the life and writings of Ibn al-Nafis see À. Z. kandar, “Ibn al-Nafis", Dictionary ef Seientifie 
Biography, Vol. IX, pp. 602-607, and Manfred Ullmann, Medisin im Jslum (Handbuch der Orientalistik 
Erste Abteilung, Ergüneungsband VI, Abschnitt 1, Leiden: Brill, 1970) pp. 172-176 and 213. For a 
diseassion of bis full name and a translation of the 18 biographical sources regarding Ibn al-Nafis 
2e Max Meyerhof and Joseph Schacht, The Theologus Autodidactus of Jon al-Nafs (Oxford: Clareudon 
Press, 1968). 
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ALKafi fPETibb of al-Räsi 


Asset Z. Iskanpar & Riraar Y. Egien 


The purpose of this paper is to draw the attention of scholars to the exis- 
tence of an apparently unique Judaco-Arabic manuscript of al-Kfi fi'l-Tibb 
of al-Räsï, preserved in the Bodleian Library, Oxford MS No. 514 (Uri 
427. This manuseript, which is written in clear Hebrew characters, was 
completed on Thursday 28th Tebheth, 5180 [— 15th January, 1420] by a 
certain Rabbi Sa“adiah the Physician for his brother Rabbi Abrabam. 

ALKäfi fl Tibb appears in Ibn Abi Usaybi‘a’s ‘Uyän al-Anbâ', but no 
mention of it is made in the other mediaeval bibliographies, as for example 
Ibn al-Nadim’s al-Fihrist, Ibn Juljul’s Tabagät, al-Birünï's Risälah and al- 
Qifur's Ta’rikh. 

This paper presents a critical study of a number of Arabic manuscripts 
bearing the title of al-Käfï, which have been erroneously aseribed to al-Räzï. 
Internal evidence is provided to show that the Bodleian manuseript No. 514 
{Uri 427) contains à copy of al-Räzï's al-Kafi fil-Tibb. The table of contents 
of this manuscript, together with excerpts from the text, are also given in 
this paper. 

AI-Käfi fil-Tibb consists of two treatises in which al-Räzï presents his 
medical material modelled on the compendia (kananish), and following the 
head-to-toe method of presentation. The first treatise contains seventy-six 
chapters (ahwäb) and deals with diseases of the head. The second treatise 
consists of fifty-five chapters and treats of diseases of the stomach and other 
organs of the body, concluding with accounts of fevers. Each chapter is devoted 
to one illness, in which the name of the disease is mentioned, followed by its 
causes, its symptoms, and therapy. 

Kütäb al-Käfi fil Tibb would appear to deserve publication in a full critical 
edition, based on the hitherto unpublished Bodleian manuscript, on the 
grounds of its importance in the history of Arabic medicine. It is hoped that 
such an edition will appear in the near future. 
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the inclined sphere and the deferent, achieving thereby a better explanation 
of the phenomenon called “prosneusis” by Ptolemy. 

It should be noted that Urdi remains totally silent about the genuine 
defect in the Ptolemaic lunar model which predicts a moon almost twice as 
large at quadrature, hence once more emphasizing the philosophical and 
logical motivation of his non-ptolemaic astronomy. 


SUMMARIES OF ARABIC ARTICLES IN THIS ISSUE 


À Damascene Astronomer Proposes a 
Non-Ptolemaic Astronomy 


GrORGE SALIBA 


This paper gives. in Section 1, an Arabie summary of the results reached 
80 far in the research centered around the works of the Maräghah astronomers, 
which had not been made availablé in Arabic before. It points out that the 
work of the Damascene astronomer Mu'ayyad al-Din al-Urdi (d. A.D. 1266) 
had not been presented either in Arabic or English, and this paper proposes 
10 Bill the gap. 

The Bodleian MS Marsh 621 is shown to be a copy of the hitherto inacces- 
sible astronomical text of “Urdi. Study of this document revealed that it was 
written before the Tadhkirah of Nasïr al-Din al-Tüsï. It is also shown that a 
planetary model, hitherto ascribed 10 Qutb al-Din al-Shiräzi is actually that 
of “Urdi. 

Sections 2 and 3 give a summary of the bio-bibliographical data known 
so far about ‘Urdi. 

Section 4 diseusses the importance of “Urdi’s work. It is established that 
it belonged 10 the genre of astronomical writings produced by many medieval 
Arab astronomers who took upon themselves the strict requirement of produ- 
cing planetary models in which the movements of the planets can always be 
described as resulting from combinations of uniform cireular motions. 

The historical facts, as we know them 50 far, point to “Urdi's work as being 
the earliest attempt to produce planetary models that are physically and 
mathematically consistent. What he accepts are the Ptolemaic axioms about 
the nature of the motion of the heavenly bodies as well as the observations 
recorded by Ptolemy. What he manages to achieve is a set of models, one for 
the upper planets, one for the moon and one for Mercury that, in modern 
terms, can be described as linkages of vectors of constant length rotating at 
uniform speed. 

Observationally, “Urdi remains quite satisfied with the Ptolemaic results 
and proves that his lunar model, for example, produces a resultant observable 
lünar motion in longitute that varies from the one predictable by the Ptolemaic 
model by an amount less than two and a half minutes, “a value that can 
easily escape the skillful observer”, What he actually does with the Ptolemaic 
lunar model is to change the direction and the value of the movements of both 
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jüngere Zeit, s. WKAS II 389 a 19 £. und meine Arbeit: Beitrâge sur Lexiko- 
graphie des Klassischen Arabisch Nr. 1, Bayerische Akademie der Wissenschaf. 
ten, phil.-hist. Klasse, Sitzungsberichte 1979, Heft 9, pp. 15-17. 

Diese Bemerkungen wollen sagen. daB die von Frau Weisser herausgege- 
benen Texte den Leser noch mit einer Vielzahl von Problemen konfrontieren, 
Manches wird die Editorin selbst in ibren Untersuchungen über Herkunfi 
und Überlieferung des Sir al-khaliga, die gesondert in der Ars medica erschei- 
nen sollen, klären kônnen. Wie immer die Antworten ausfallen mügen, so 
darf doch schon jetzst voll Dankbarkeït festgehalten werden, daB das hier 
angezeigte Buch die Forschung einen groBen Schritt vorangebracht hat. 


Manrren ULLMANN 


Universität Tübingen 
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aruxz, p. 638 a: Statt istagis lies ustuguss (vel. Helmut Gätje, Wiener Zeitschrift 
fir die Kunde des Morgentandes 56 (1960), p. 324 Anm. 2), p. 638 b: Statt 
i'talafa lies talafa. p. 639 a: Statt ’timärun lies itimarun. p. 646 a: Statt mu- 
tajassad lies mutajassid. p. 659 a: Statt tarbiyyatun lies tarbiyatun. p. 663 
Statt sartän lies saratän. p. 664 b: Statt sulhafätun lies sula}fätun. p. 667 a: 
Statt al-mushtariyyu lies al-mushtari (und so überall im Text zu verbessern). 
p- 676 a: Statt “adiwun lies ‘udwun. p. 683a 21: Statt al-mutafakkiru lies al- 
mutafakkiratu (Kollektivausdruck). p. 683b: Statt qubäbun lies gibébun. p. 
685 b: Statt qushfariratun lies qushariratun. p. 686 b ult.: Statt ragwiyyatun 
lies taquiyatun, p. 688 a: Statt kurbun lies karbun und statt karähiyyatun lies 
karähiyatun. p. 688 b: Statt kild’un lies kild’atun (s. WKAS I 305 a 11 .). 
p« 689 a: Statt kamähiyyatun lies ka-m& hiya. p. 689 a 3: Statt kami 
lies kammiyyatun (und so überall im Text zu berichtigen). p. 692 
madhatun lies midhatun. p. 692 b: Statt mardun lies maradun. p. 693 a: Statt 
tamshiyyatun lies tamshiyatun (auch im Text zu berichtigen). Wahrscheinlich 
ist aber überhaupt tamsiyatun zu lesen, s. mein Buch Naturwissenschafien 
p.264 and Katalog Chester Beatty LL 101. 

Der These, die Frau Weisser vertritt, daB der Text des Sirr al-khaliga 
ait und wohl noch im 8. Jhdt. niedergeschrieben sei, müchte ich nicht ohne 
weiteres zustimmen. Es fällt auf, daB viele sprachliche Erscheinungen vor- 
kommen, die sich erst im 9, Jhdt. herausgebildet haben. Zu al-kullu mit Artikel 
(p- 8,8: 9,9; 65,5 und oft) vel. WKAS I 295 a 3. Der Ausdruck al-l3-shay'u 
p. 69,4 £. ist eine Formenbildung, die nicht vor dem 9, Jhdt. zu belegen ist, 
s. WKAS II 33 b. Kollektivformen wie as-Säbi’atu (p. 65,3) kommen cbenfalls 
nicht vor dieser Zeit vor. Abstraktbildungen nach dem Muster der Nisbe mit 
Femininendung sind spät, man vel. hier abadiyyatun 66,8, ékhiriyyatun 55,8, 
jawhariyyatun 334,11, dhahabiyyatun 284 ult., vagutiyyatun 285,1, nafsiyyatun 
55,2, wahdäniyyatun 9 ult., kammiyyatun 14 paen. und oft (vel. W'KAS 1 342 
b 42 f1.), kulliyyatun 9,10 (vgl. WKAS 1 296 a 8 ff). Von Pluralen abgeleitete 
Nisben sind spät, vel. al-akmämiyyaru 388,13 (dazu WKAS 1 576 a 20 f.). 
Auch das Wort kaywän (122,8; 142,9; 145,2) kommt nicht in alten Texten 
vor (s. WKAS I 518 b 9 #r.). 

Ahuliches gilt auch für die Nemesiosübersetzung, die nicht nur Auslussun- 
gen gegenüber dem griechisch erhaltenen Text, sondern auch Zusätze (1.B. 
p. 555,13) zu ihm enthält. Dem arabischen Übersetzer mub also eine andere 
Textfassung vorgelegen haben. Der Wortechats dicser Übersetzung weicht 
tatsüchlich in vielem von der Fachterminologie ab, die sich später durchgesetzt 
hat. Aber bedeutet Andersartigkeit zugleich hüheres Alter? Eine Konstruktion 
vie mina Larbai f-jaba'ifi p. 568,5 ist spät, vgl. Wright Grammar 11 p. 244. 
Das Wort kaymüsun (568,6; 569,6: 617,4) ist meines Wissens nicht vor dem 
9. Jhdt, belegt, s. WKAS I 510 a 45 ff. Ebenso deutet das Vorkommen des 
Wortes lahnun in der Bedeutung “Melodie” p. 551,7 #. und 552.1 auf eine 
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sachkundiges Urteil bewiesen. Tbre unprätentiüse Darstellung bebt sich w 
tuend von den verworrenen Gedanken ab, die F. Sezgin, GAS IV pp. 77 
über Apollonios von Tyana geüuBert hat. 

Es ist nicht zu erwarten, daB angesichts der Überlieferungslage und 
Schwierigkeiten des Textes selbst alle philologischen und sprachlichen Proi 
me mit dieser Erstedition schon gelôst seien. Ich müchte im folgenden 
einige Dinge aufmerksam machen: p. 154,6 hat M richtig mal'äna, währ 
die Herausgeberin das falsche mal’änan in den Text gesetzt hat. Ebenso 
p. 362,8 und 369,2 mal'äna zu lesen. p. 323 ult. f.: Die Lesung labbatu l-Wu 
ist ausgeschlossen, s. Würterbuch der Klassischen arabischen Sprache, hierun 
WKAS, I 84 b 18 ff. Das richtige lubbu L-habbi (vel. WKASIT82b8f)w 
allerdings nur durch eine Handschrift der Rezension B gestützt. Jedoch kom 
lubbun auch p. 368,7 vor. Das folgende dhi l-asfi ist syntaktisch nicht mügli 
Man müfte dhi lesen wie in Zeile 7. Es ist unverständlich, warum die Editc 
p: 324,3 das sinnlose thamaratun wa- in den Text gesetzt bat, obwobl es in 
Leithandschrift M fehlt. Vgl. die Parallele in 325,2. p. 368,1: Statt fa-ragi 
das durch keine Handschrift gestützt wird, ist der Dual fa-ragiya zu les 
p.487,4: Aus syntaktischen Gründen ist M zu folgen und zu lesen: hattä ) 
dima r-r@mi lemarmä bihi. p. 551,7: Für Dikaiarchos ist die verunstaltete Fe 
Dinarküs im Text beibehalten, aber p. 586,3 ist die verunstaltete Form : 
Zaÿar in den Apparat verwiesen und nach dem Griechischen Jälinäs em 
diert, obwohl paläographisch kein Übergang zwischen den beiden Schriftzü 
besteht. Andererseits ist p. 575,2 Hirmis al-muthallath bi-l-hikma beïbehalt 
cbwohl der griechische Text “Aristoteles” hat. p. 564 paen.: Es ist ni 
gerechtfertigt, nach dem Griechischen “Ammonios, der Lehrer des Plotin 
zu schreiben, wenn im arabischen Text “Balakhus, der Lehrer des Ammoni 
steht, 

Sprachfehler im Text: p. 69,4: Statt al-lä-shay’u lies al-la-shay'a. p. 131 
Statt Ifrigiyya lies Ifriqiya. p. 237,5: Statt 10a-nafyu lies wa-nafyi. p. 28€ 
Statt muzdawajatun lies muzdawijatun. p. 379 paen.: Statt bägila lies bâqi 
p: 538,2 und 558,3 und 577,12: Statt wa-lakinna lies wa-läkin. p. 569,3: St 
tartibuh® lies tarbiyatuha (entspr. auxanesthai). p. 596,1: Stat mudakri 
lies mudahrajan. p. 605,2: Statt adaba s-sa'i lies adaba s-sau'i. p. 630, 
Statt madhatun lies midhatun, 

Wertvoll ist das Glossar (pp. 687-702), das den Wortschatz aller edier 
Texte umfaft, aber nicht vollständig ist, Es fehlen zum Beispiel die Wü 
mutma'innun p.137, “asfun p. 324,1.7 und ahrä li- p. 599,4. Bei den Verl 
sind leider keine Rektionen angegeben, jedoch sind Synonyme notiert, 2 
unter ghamämun ist auf sahäbun und ghaymun, unter mäddatun ist auf jaw 
run und hayälä verwiesen. p.690 £. ist die alphabetische Anordnung beï ladh 
und mutalagqifun verkehrt. 

Das Glossar enthält auch eine Anzahl von Sprachfchlern: p. 637 b: ] 
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Dabei war M die Leithandschrift. Jedoch sind auch Zusätze aus der Rezension 
B aufgenommen, die dann durch Einrücken und einen senkrechten Strich 
gekennzeichnet sind. Die Rezension À hält Frau Weisser für im wesentlichen 
identisch mit der Übersetzung einer postulierten griechischen Vorlage, jedoch 
gibt es keine Beweise oder wirklichen Indizien für die Annahme, daB ein 
sélches griechisches, jetzt verlorenes Original je existiert babe. Die Übersetz- 
ung sei Früh und gehôre “wohl noch dem 8. Jhdt. an”. Das zeige vor allem die 
Wortwahl, die sich stark von der Fachterminologie unterscheidet, welche 
sich erst im 9, Jhdt. herausgebildet hat und welche auch im Corpus Gabirianum 
verwendet wird. Die Herausgeberin (p. 21) bekennt sich damit zu der Datierung 
der Jäbirschriften, wie sie Kraus vorgenommen hat, nicht zu der Frühdatie- 
rang, auf die sich Herr Sezgin kapriziert hat, Nebenbeï sei angemerkt, daB 
der als Übersetzer oder Interpret des Textes genannte Sajiyus an-Nabulusi 
nicht gar so unbekannt ist, wie Frau Weisser p. 2 behauptet, Er wird auch als 
Verfasser eines Buches über den Theriak zur Behandlung von durch giftige 
Tiere verursachten BiBwunden genannt, s. mein Buch Die Natur- und Geheim- 
nschofien im Islam p. 172 Anm. 1. (Sezgin, Geschichte des arabischen 
Schrifitums, hierunten GAS, IV 85, setzt Sajiyus mit Sergios von Resh‘ayna, 
get. 536, gleich und glaubt, daB Sergios das “Geheïmnis der Schüpfung” 
aus dem Griechischen ins Syrische übersetzt habe). 

Die Überarbeitung, also Rezension B, soll zur Zeit al-Ma'mün's (reg. 
813.833) entstanden sein. Jedoch konzediert Frau Weisser selbst (p. 25), da8 
diese These kaum zu beweisen ist. Rezension B enthält als Einschub in Buch 
V(“Über die Tiere”) den grôêten Teil der Schrift De natura hominis des Neme- 
sios von Emesa. Dieser T'extteil ist eigens pp. 537-632 ediert. In margine ist 
die Pagination der griechischen Edition von Christian Friedrich Matthaei, 
Halle 1802, angegeben, was die Benutzung und das Verständnis des arabischen 
Textes wesentlich erleichtert. Vielleicht wäre es jedoch gut gewesen, weun 
diese Nemesios-Übersetzung in einer gesonderten Publikation synoptisch mit 
der zweiten arabischen Nemesios-Übersetzang ediert worden wäre. Diese ist 
in vier Handschriften erhalten; sie soll von Ishaq ibn Hunayn stammen und 
läuft meist unter dem Namen des Gregorios von Nyssa (s. Simone van Riet; 
Stoicorum Veterum Fragmenta Arabica. À propos de Némésius d'Émèse, in: 
Mélanges d'Islamologie. Volume dédié à la mémoire de Armand Abel, édité 
par Pierre Salmon, Vol. I, Leiden 1974, pp. 254-263). Die Handschrift Madrid 
enthält auf foll. 83a - 86b, zwischen Buch IV und V eingeschoben, einen Zusatz 
unter dem Titel Min Kitäb al-Khilga, der sicher nicht zum ursprünglichen 
Textbestand gehürt hat, der aber auch in der lateïnischen Version des Hugo 
Sanctalliensis mitenthalten ist. Dieser Text ist als “Appendix 1” auf pp. 
527-535 ebenfalls gesondert ediert. 

Bei der Recensio der Handschriften und der Entflechtung dieser schwieri- 
gen Überlieferungsprobleme hat Frau Weisser ein nüchternes, kritisches und 
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Ursula Weisser (Editor). Buch über das Ceheimnis der Schüpfung und die 
Darstellung der Natur(Buch der Ursachen) von Pseudo-Apollonios von Tyana 
(Sources and Studies in the History of Arabie-Islamic Science, Natural Science 
Series 1). Aleppo: Institute for the History of Arabic Science, 1979. 66 ++ 702 
pp. $15. 


Das Kitab Sirr al-khaliqa ist zuerst von Silvestre de Sacy bekanntgemacht 
worden, der 1799 Proben verôffentlicht und den Autorennamen Balinäs richtig 
als Apollonios von Tyana gedeutet hatte. Später hatte sich Julius Ruska in 
scinerm Buch Tabula Smaragdina (Heidelberg, 1926) eingehend mit dem Werk 
beschäftigt, und 1942 hatte Paul Kraus in seiner groBen Studie über Jäbir 
ibn Hayyän den Nachweïs gefübrt, daB das Buch über die Natur des Menschen 
von Nemesios von Emesa eine der Quellen des Werkes war. Kraus hatte auch 
die Ansicht vertreten, daB das Sirr al-khaliga als ein Kommentar zur Tabula 
Smaragdina zu verstehen sei, die ihren Platz am Ende des Werkes hat, Aber 
Ursula Weisser hat in ihrem Aufsatz “Hellenistische Offenbarungsmotive” 
(Journal for the History of Arabic Science, 2 (1978), 101-125) meines Erachtens 
überzeugend nachgewiesen, da von einem Kommentar nicht die Rede sein 
kann, 

Eine Edition des Werkes hatte H. S. Nyberg geplant, aber er konnte dieses 
Projekt nicht verwirklichen. Mit dem hier angezeigten Buch liegt nun die 
Erstausgabe des Sirr al-khaliga vor, die es der Forschung gestattet, unabhängig 
vom zufälligen Zugang zu einer Handschrift, den Text zu studieren, Die He- 
rausgeberin hat eine immense Arbeit geleistet, die ihr den Dank aller an der 
Geschichte der arabischen Naturwissenschaft und Philosophie Interessierten 
sichert, Die Kalligraphie der Edition sei mit einem besonderen Worte der 
Anerkennung hervorgehoben. 

Die handschriftliche Uberlieferung des Sirr al-khaliga ist sehr kompliziert. 
Von den 30 - 40 Codices, die heute noch erhalten sind, 
ganx oder teilweise benutzen kännen (Zu der Handschrift Tunis, Ahmadiyya 
4790 vel. Franz Rosenthal, Journal of the American Oriental Society, 99 (1979), 
91). Sie verteilen sich auf zwei Hauptrezensionen. Die Rezension A (vier Mes.) 
ist die älteste Textstufe, die Rezension B (elf Mss.) ist eine aus À hervorgegan- 
gene erweiterte Bearbeitung (Von der Epitome kännen wir hier abschen). 
Als Ergebnis der Untersuchung der Handschriften sind vier relevante Codices 
verblieben: M (Madrid) und L (Leipzig) für die Rezension À, P (Paris) und 
K (Istanbul, Küprülü) für die Rezension B, Die Edition hat zum Ziel, auf 
Grund der vier Textzeugen den Archetyp der Rezension À zu rekonstruieren. 
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Fig. 1 


Continue the procedure exactly as before, except that when each broken dis. 
gonal is completed the jump is now vertically upward, not horizontal. The 
last entry, n°, will appear in the right-hand cell just under the corner. 

The reader may verify for himself that Figure 2 is indeed a magic squat 
of order 7, (k=3), and that its elements are yielded by the technique just 
described. 

The text gives no proof, However, the anonymous author of the manus- 
cript realizes that the solution is not unique. He exhibits the eurious hollov 
square of Figure 3 having the middle cell blank. In it all rows, columns, and 
diagonals add up to 60. He makes some inconclusive remarks about magit 
squares of order four, exhibiting one, as well as a square of order six. 


Magic Squares in an Arabic Manuscript 
A. 5: Sarman® 


TS NOTE DESCRIBES a method of constructing magic «quares of 
add order. It was found on the last pages ofMS StoweOr. 10(OMPB 7554) 
of the British Library (British Museum, London), following two fourteenth 
century arithmetical treatises by al-Umawï al-Andulusi, Ya‘ïsb ibn Ibrähïm, 
The pages give no indication of authorship or date, although they mention 
the thirteenth century occultist (Abü al-°Abbäs Ahmad) al-Büni.! There is 
a considerable literature on Arabic magic squares,® but it is inaccessible to 
the present writer. Hence he can draw no historical inferences from the material 
presented below. 

Consider the square array of Figure 1, having n — 2k + 1 cells (k a natural 
number) on a side. It is desired to place one number of the set {1,2,3...., n°} 
in each of the cells, in such fashion that the sum of the elements in each row, 
column, and each ofthe two main diagonale shall be n (n°+-1) /2. (The algebraie 
symbols are, of course, modern). 

n being odd, the square has a middle cell. Place the number 1 immediately 
toits left, as shown in Figure 1. Then proceed, writing 2,3,4... in successive 
cells upward along the diagonal containing 1. The edge of the square will be 
reached at k as shown. The process may be continued, however, if the left 
and right sides of the square are regarded as having been brought together, 
and the npper and lower sides also. It is as though the square were mapped 
on the surface of a torus (a ring). Thus the broken diagonal continues with 
the placement of k+-1 in the upper righthand cell. Now the diagonal runs off 
the upper edge, but it reappears with k+42 in the bottom cell next to the 
left-hand corner, Continue diagonally upward until the diagonal is completed 
with n in the cell just under the middle cell. Now start a second diagonal by 
a making a leftward horizontal jump, skipping one cell, to place n +1 as shown. 
Complete this diagonal at 2n, and make a second jump, to 2n+-1. Continue 
the process until the cell in the upper left-hand corner received the entry 
(k-+1)n. Now the jump is different. It is from the corner to the cell just above 
the middle, which receives the next number of the sequence, (k+l)n+1. 


“Dean, University College, Arab Institute, Jerusalem. 

1. Author of Al-Durr al-manzüm 1 “ilm al-auf &g wa al-nnjüm (Cairo. n.d.), Shams al-ma‘érif wa 
ali alSaedrif (Cairo, 1291 

2. See the bibliographies is Heiarich Hermelink, “Die ältesten magischen Quadrate hôherer 
Ordrung und ibre Bildungsweïse"”, Sudhoffs Archis, 42 (1958), 199-217, and N. L. Biggs, “The Roots 
of Cowbinatories"”, Historia Mathematica, 6 (1979), 109-136. 
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Price: D, J. de Solln Price, *Astronomy"s Past Preserved at Jaipur", Natural History, 136 (1964), 
A8-S3. 

Sayili: À. Sayili, The Observatory in Hslam (Ankara: Turkish Hictorieal Society, 1960). 

Sein: F, Sexgin, Geschichte des arabischen Schrifiums, Vol. 5: Mathematics. and Vol. 6: Astronomy, 
(Leiden: E. J. Brill, 1975 and 1978). 

Storey: C. A. Storey, Persian Literature: a Bio-Bibliogruphical Survey, (Vol. IT, London: Lusac and 
Co. 1958). 


Suter: “Dje Mathematiker und Astronomen der Araber und ihre Werke‘', Abhandhungen 


M. Suter, 
Geschichte der mathematischen Wissenschaften, 10 (1900), and *Nachträge und Berichtigungent", 
ibid. 14 (1902), 157-185. 
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Jandi's Persian Risäla- 
mins to be established. 


say'a (see Storey, no: 121), the relation of which to al-Tüst's Tadhkira 


18. Nayanasukhopädhyäyas translation of N: 
the Sphaerica of Theodosins; 44, 
References: CESS, A3, 132a, and A4. 


ir al-Din al-TüsT'e recension 


19. Yantrardjarisala bisa bäba, a translation of Nasir al-Din al-Tüsi's trea- 
1€ on the use of the astrolabe: 42. 
Rofirences: CESS, A3, 145a, and A4. 


20. Virodhamardanagrantha, a work in Marathi composed by Yajnesvarä 
anakara Jyotirvit in 1837 and based on the Zij-i-Khägäni (sce no. 10 above): 
15 (16 fols.), unique ? 
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References: Storey, no. 104; Kennedy, no. 12, On the Arabic versions of this zij see also Brockelmann, 
IL, pp. 275-276 and SI, p. 298. Only the Persian introduction of tbe Z1ÿ of Ulugh Beg and the star 
catalogue have been published; for a brief survey of the remainiog tables, which merit detailed study, 
see Kennedy, pp. 166-167. 

12, The Persian Zij-i Shähjahäni compiled in Delhi by Farid al-Din Mas‘üd 
ibn Ibräbim al-Diblawt: 12 (438 fols., copied ca. 1800), and 14 (328 fols., copied 
ca. 1700, acquired 1725). In the second copy, the s5j is followed by an incomplete 
sexagesimal multiplication table (on which see Historia Mathematica, 1 (1974), 
317-323, and 6 (1979), 405-417), and an incomplete table for computing the 
misdj of the moon. 

References: Siorey, no. 133; and Kennedy, no. X204. The Shähjahänt Zij bas, as far as 1 know, 
never been studied, and merits investigation, 

13. The Persian Zij-i Muhammad Shähi of Jai Singh: 4 (ca. 150 fols., copied 
ca. 18007?), and 8 (222 fole., copied ca. 1800). 

References: Storey, no. 144; Kennedy, no. X203. Another copy which 1 have come across that is 
not listed in MS Aligarh University Library 30. Kaye, writing in 1918, implies that he was 
unable to locate « Persian copy of this si in Jaipur (Kaye, p. 7). The sÿj of Jai Singh is unpublished, 
although much has been written on Jai Singh's astronotmical activity (see Sierey for references), 


Sanskrit Translations of Islamic Works 
For the sake of completeness I list the following manuscripts of Sanskrit 
versions of Islamic astronomical works, for which I have relied mainly on the 
handlist of the collection prepared by Dr. Asok Das and on Dr. David Pingres’s 
survey of Islamic astronomical works in Sanskrit translation (see Das and 
Pingree in the bibliography). Other Sanskrit astronomieal manuscripts are 
preserved in the Library, and also some European books on astronomy: see 
further Das. The Sanskrit manuseripts are listed in Bahura and are classified 
in D. Pingres’s Census of the Exact Sciences in Sanskrit (see CESS for a full 
reference). Dr. Pingree kindly provided me with the information on the works 
numbered 18, 19, and 20 below. 
14. Zij of Nityänanda: 23 (443 pp.). 
References: Das, p. T, no. 127; Pingree, pp. 323-326. 
15. Hayatagrantha: 24 (ea. 50 fols.) 
References: Das, p. 6, no. 112; Pingree, pp. 326-328. 


16. An extract from the tables in what is apparently a Sanskrit version 
Ulugh Beg: 45 (ca. 100 fols.). 
Rafcrences: Dos, p. 7, no. 115; Pingree, p. 326. 


17. Nayanasukhopädhyäya’s translation of what purports to be Nagir 
n al-Tüsis Tadhkira in the commentary of al-Birjandi: 46 (ca. 60 fols.) 
(unique ?). 
References: Dos, p. 6, no. 114; Pingree, p. 328, This work remains to be studied. For al-Birjandi on 
the Tadhkira see Brockelmann, SI, p. 931. This Sanskrit work is more probably a translation of al- 
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3. The Arabic treatise on the rainbow and lunar halo by Ibn al-Haytham: 
17,2 (8 fols. in the same hand as 17,1 — see no. 2 above). 
References: On Ibn al-Haytham see 2 above. On this treatise see Krause, no. 204(19) and Brockel: 


mann, SI, p. 853. The valy other known copy of this work appears to be the Istanbul copy listed by 
Kraose, 


4, The Persian version of al-Tafhim li-awd'il sinä*at al-tanjim by Abu'l- 
Rayhän al-Birüni: 7 (ca. 150 fols., copied ca. 1300, acquired 1725, fine copy). 
References: Siarey, no. 80; Boilot, no. 73. On Birüni see also the article by E.S, Kennedy in DSB. 

5. The Arabic commentary by Qädizäda al-Rümi on the treatise on theo- 
retical astronomy entitled al.-Mulakhkhos f’l-hay'a by Mabmüd ibn ‘Umar 
al-Jaghmint: 18 (106 fols,, copied ca. 1600, acquired 1725). 

References: On al-Jaghmioï see Suter, no, 403; Krause, no. 403; Bruckelmann, 1, pp. 624-625, und 


d Starey, no. 88. The Mulakhkhas was compiled in 68H — 1221 (contra Sezgin, V, pe 115), 
2ee Suter, n0. 430; Brockelmann. LL, p. 215. ete. 


6. The Arabic commentary by al-Nisäpüri on the treatise on theoretical 
astronomy entitled al-Tadhkira by Nasir al-Din al-Tüst: 21 (250 fols.. copied 
£a. 1600), and 22 (ca. 120 fols., copied ca. 1600, acquired 1725). 

Rfirences: On al-Tusi see Suter, no. 368; Krause, no. 364; Brockelmann, , pp. 670-676 and SI, 
pp. 924-933; Storey, nos. 10 and 91; and the article in DSE by S.H. Naër. The Tadhkira is currently 
Being investigated in detail by J. Rajeb 0f Harvard University. On al-Nisäpürï £ee Suter, no. 395, 
Brockelmann, LL, p. 256 and SIT, p. 273. 


7. The Arabic commentary by “Ali al-Birjandi on the treatise on arithmetic 
called al-Shamsiya by al-Nisäpñürt: 10 (197 fols., copied 924H — 1518, acquired 
in 1725). 

References: On al-Nisäpüri see 6 above. On *AÏi Birjandi see Suter, no. 456; and Storey, no. 121. 
Other copies of this commentary are listed in Brockelmann, SIL, p. 273 (to which add MS Princeton 
Mach 4800). 

8. The Persian astrological treatise Law@’ik al-qamar by Husayn ibn “Al 
al-Bayhaqi al-Käshifi: 91 (ca. 100 fols., copied ca. 1600, acquired 1725). 
References: Storey, na. 116. 


9. An unidentified anonymous Persian work on astrology: 2 (ca. 150 fols., 
copied ca. 1700). The author quotes Dorotheos frequently. Incipit: … 
Woyye 4 ve is lys 
References: This manuseript is not listed in Das. No Persian astrological works based on Dorotheos 
axe listed in Storey. 
10. The Persian Zij-i Khägäni of Ghiyäth al-Din al-Käshi: 9 (184 pp. 
copied ca. 1600, acquired 1728, fair copy, diagrams unlabelled). 
Réferences: Storey, non, 104 and 105; Kennedy, no. 20, On al-Käahi see also the article in DSA by 
A. P, Youschkevitch and B. A. Rosenfeld. An edition and translation of the Khägänt Zij is curreutly 
being prepared by E. S. Kennedy. 
11. The Persian Zÿj-i Sulfänt of Ulugh Beg: 11 (ca. 195 fols., copied ca. 
1500, fair copy), plus Persian commentaries by “AI Birjandi: 5 (ca, 200 fols,, 
1015H), and Mollä Chänd: 6 (ea, 250 fols., copied a. 1600, acquired 1725). 
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work represented I give only the most basic information, such as title and 
author, together with the accession number, number of folios, and date of 
copying (Hijra/Christian calendar), as well as the date of acquisition where 
this is available.* AI of the authors and their works are well known to the 
history of Islamic science. The references given below, particularly those to 
the surveys of Arabic literature by C. Brockelmann and F. Sezgin and the 
survey of Persian literature by C. A. Storey, will guide the reader to other 
manuscripts of the same works preserved in other libraries.4 


3. Since these are given in Sanskeit, I bave relied on Das for this informati 

4. The standard reference works on the sources for Islamic science are Sexgin (covering the period 
up til the mid-eleventh century): and Suter and Brockaimann (vil the main sources for the later 
Storey (for Persian works). Addition: manuseripts in Istacbul 
given in Krause and King, respectively. À survey of the Islamic aetronomieal bandbooks 
iso Kennedy. 
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List of manuscripts 


1. The Arabie version by Thäbit ibn Qurra of Ptolemy's Almagest: 
20 (ea. 150 fols.. copied ca. 1600, breaks off after the beginning of the sixth 
magäla), and the Arabic recension of Ptolemy’s Almagest by Nasir al-Din al- 
Tüsi: 19 (97 pp., copied ca. 1500, acquired 1725). 

Références: Sesgin, VE, pp. 89 and 93. 


2. An anonymous Arabic commentary on the Kitäb al-Manäzir (Optics) 
of Ibn al-Haytham, actually the Tangik al-manazir by Kamäl al-Din al. 
Fârisi: 17,1 (ca. 150 fols., copied 1070H — 165960, checked 1079H — 1668- 
69, acquired 1725, clear naskhi script with carefally-drawn diagrams). The 
manuseript appears to have been copied by Abñ Muhammad Samänt (?) for 
al-Shäh Qiyäd ibn “Abd al-Jalil al-Härith al-Badakhshi known as Diyän- 
thihän(?). 

References: On Tbu al-Haytham and his Opties see the article by À. L. Sabra in DSB and the re- 
ferences there cited. Prof. Sabra is currently completing an edition of this work. Ou Kamäl al-Din 
al-F: see the article by KR. Rached in DSB, and 00 the available manuscripts of the Tangik see 
Brockelmann, 1, p. 619 and SI, p. 853, and Krause, no. 389. 
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À Handlist of the Arabic and Persian 
Astronomical Manuscripts in the Maharaja 


Mansingh:I1 Library in Jaipur 
Davin A. Kixc* 


HE MAHARAJA JAI SINGH (d. 1743) is well known to the history 

of science as the founder of the stone observatories of northern India, of 
which the most spectacular is in the “pink city” of Jaipur. Having convinced 
his patron, the Emperor Muhammad Shäh, of the inaccuracy of the current 
ephemerides, computed with the sijes of Ulugh Beg and al-Käsht (ca. 1425) 
of Samarqand and with the Indian recensions of the zij of Ulugb Beg made 
by Mulläà Chänd (ca. 1600) in the reign of Akbar, and by Mullä Farid al-Din 
(ca. 1630) in the reign of Shähjahän, Jai Singh was ordered to undertake new 
observations with the help of Muslim, Brahman, and European astronomers. 
Besides constructing the observatories, Jai Singh collected manuscripts of 
Sanskrit, Persian, and Arabic astronomical works, as well as printed books 
from Europe. Some of these, surely only a fraction of his original collection, 
are still preserved in the library adjacent to the observatory in Jaipur, although 
not all of them date from the time of Jai Singh, notably the two manuscripts 
of his own zij. 

The purpose of this note is simply to identify the Arabic and Persian 
astronomical manuseripts preserved in the Library? The manuseripts mentio- 
ned below add little to the corpus of material available for the further study 
of the history of Islamic astronomy in general, but are of interest in that they 
illustrate the kind of works that were being studied in Turkey, Iran, and 
India in the seventeenth, eighteenth, and nineteenth centuries. For each 


* Department of Near Eastern Languages and Literature, Faculty of Arts and Sciences, New 
York University, 50 Washington Square South, New York NY 10003, U.S.A. 

1. On Jai Singh'e astronomical activities see in the appended bibliography. for example, Kuye: 
Sayili, pp. 359-361; Blanpied; aud Price. For an overview of Mogol astronomy see Ansari. On the 
translation of Ielamie works into Sanskrit see Pingreo. 
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that analemma methods of determining the direction of the gibla constitur 
a non-trigonometrie approach to the solution of an improtant problem. * 
have presented evidence to show al-Birünï's dependence on the analemma 
Habash al-Häsib, and have shown that the triangle basic to al-Birünÿ’s det 
mination of the local meridian by one shadow is congruent to the one tl 
plays the most important role in Ibn al-Haytham’s determination of the 
muth of the qibla. 
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2E' where E' is the zenith of Mecca. If the great circle RE' cuts the equator 
tN then AN = Aù. From E' drop EF L CK and from F drop FS 1 BH. 
finally draw SE’. He observes FS||XH, the plane SFE* is parallel to the 
ane XYH, and so the plane of ASFE: is parallel to the horizon plane and 
BH is perpendicular to both. Thus the altitude cirele of Mecca, BE'X, cuts 
he plane of ASFE' and the horizon in two parallel lines, ie. SE‘||HE. He 
1as already observed FS|IXH and so <FSE' = +XHÈ = the angle of the in- 
üraf; but, + FSE' is the angle we drew in the first figure. 

He goes on to give the exact correspondences between the points, ares, and 
segments on and in the sphere and those on his working diagram, our Figure 
;, in order to show that indeed +FSE' — 4FSE, which we drew in Figure 
Since they are sufficiently evident on comparing Figures 5 and 6 we shall 
aot give them, though we have used arrows and dotted lines in Figure 6 to 
ndicate, starting with C, how Ibn al-Haytham might have thought of drawing 
the ares and lines to locate F on the line CK. 

What we shall do instead is to discuss the triangle that Ibn al-Haytham 
transfers to the working plane. In [10, p. 988] Schoy described it as “the triangle 
pole-Mecca-place” but this is wrong. Rather the triangle is congruent to the 
one obtained by al-Birüni in his determination of the local meridian from one 
shadow observation and described in [3, esp. page 637]. Indeed the segment 
FS = MQ is the argument of azimuth (hissat al-samt) a standard term in the 
Islamic astronomical literature. 

That al-Birüni and Ibu al-Haytham should use precisely the same triangle 
to solve two seemingly different problems is not surprising. In fact, a qibla 
technique frequently described in the literature is to wait until the latitude 
of the sun coincides with that of Mecca (so the sun will be on the day circle of 
Mecca) and then wait until it is noon in Mecca (which involves knowing A à). 
At that instant the gnomon shadow will be pointing 180° away from the direc- 
tion ofMecca. Thus the problem of detérmining the direction of Mecca is equiv- 
alent to the following problem: Given the solar declination and the time of 
day find the direction of the gnomon’s shadow from the cardinal directions. 
Al-Birüni's problem is: Given solar declination and local latitude, find the car- 
dinal directions from the direction and length of a gnomon’s shadow. 

Ît is also clear from the description of Ibn al-Haytham’s analemma how 
unlike it is to the three previous analemmas we discussed. The most outstand- 
ing difference is that all of the other three determine the direction of the 
qibla by constructing the projection of the zenith of Mecca onto the 
local horizon and then joining this point to the locality to yield the angle des- 
cibing the direction of the gébla. Tbu al-Haytham's procedure constructs the 
angle directly without projecting Mecca’s zenith onto the local horizon, but 
only onto the local meridian. 

To summarize, then, our purpose has been to draw attention to the fact 
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AG and BH. From À on the are ABC measure off the two arcs AC — y and 
AN = An. Let RG = 9. Draw CT||BH, EH — HT, and EF||BH. On RH 
measure KH — CT, on KL L RH take MK — FH; drop MQ L BH and 
find Son FG so that FS = QM. Then +ESF is the angle the gibla makes 
with the north-south line that is called inhiraf al-gibla, [We have not given 
Ibn al-Haytham’s variations for the case wben FH < KL. Suffice it to say 
he is concerned to show that his method works for all cases]. 

Tbn al-Haytham's proof, for the case that g>gm is briefly as follows 
(see Figure 6, which is adapted from one supplied by Schoy). Let AN be the 
equator eutting the horizon at YŸ, and on the local meridian ACBR choose 
AC = us B being the local zenith and R the north celestial pole. Then the 
day circle of Mecca is the circle through C parallel to the equator, the circle 


Fig. 6 
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showed Habash's treatise to Abü Nasr who supported tho method (gäla bihi) 
and gave a proof of it (agäma’l-burhän “alayhi) [5, Arabic text, lines 5-7]. 
We know [8, p. 83] that sometime before 998 Abü Nasr wrote a treatise, now 
dost, titled On Azimuths (K. fÿl-sumüt) which he dedicated to his student al- 
Birüni so it seems most likely that the incident to which al-Birüni refers took 
place while Abü Nagr was gathering material on the gibla for his treatise, 
If this is s0, then al-Birüni knew of Habash's analemma more than twenty 
years before his first use of it in the Tahdid, completed after 1018. 

Having now seen that al-Birünï’s two analemma methods are variations 
on the one of Habash, let us look at one that is not, that of [bn al-Haytham. 
The similarity of the three methods comes ont very strongly when contrasted 
10 this fourth. 

Thus in Figure 5 let ABG be a circle with two perpendicular diameters 


Fig.s 
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In addition to the strong coincidence between the lines in the two texts 
up to this point, observe also that the line EZ, which appears in Habash's 
method, is referred to by al-Birüni in his method and is in Figure 2 as the 
line EQ. From the above comparison it is plain that al-Birünt modified Habash's 
procedure in two ways: (1) al-Birüni used the north celestial pole (N) as his 
base point rather than an extremity (Z) of the celestial equator, which is 
Habash’s starting point, and (2) al-Birüni obtained the representation of the 
zenith of Mecca in its true position on the rotated day circle, whereas Habash 
worked entirely with its projection on the loeal meridian. 

We must also observe one final difference between the two procedures, 
namely that al-Birüni locates the projection of Mecca on the horizon by speci- 
fying its distance from the meridian and prime vertical, whereas Habash 
specifies it in terms of its distance from the locality and from the prime vertical. 
As a practical matter, al-Birüni's approach will lead to a sharper result since 
Habash’s intersection of a cirele with a straight line can be difficult to pinpoint 
exactly when the angle between the circle and the line is small. 

Now let us show that al-Birünf's other analemma method, from his Tahdi 
is also a variation on that of Habash. Since the method is explained co 
pletely in [4], we shall only briefly describe its main features and note its simi- 
larities to the other two methods. In the way the lines are set ont (see Figure 
3) its most apparent divergence from Habasb’s analemma is that the point 
T, chosen so that ŸZ — AN, is chosen south rather than north of Z. Then, 
just as with Habash, the radius of the day circle, HM, is measured off as ES 
{on the southern ET) and O is located 
on HD by drawing a perpendicular 
from S' onto HD, whose foot will be 0, 
just as in Habash’e procedure. (That 
both procedures obtain the same O is 
illustrated in Figure 4 where <SEK 
#S'EK (= A), EKJJHD, and S'E 
SE. It is easy to show that if S'O LHD 
then $ is on S/0.) He now locates Y as 
in the two other procedures. Fig. 4 

Next al-Birünt makes thé nice ob- 
servation that S'N is the distance of the zenith of Mecca from the meridian 
plane, Certainly when one is told this it is not hard to see (e. g. supply SN = 
SN! in Fig. 3 and notice that SN — FO). Now al-Birüni finishes just as he 
should have finished his other procedure, by measuring off S'N from Y along 
OY extended, and obtains the projection of the zenith of Mecca onto the local 
horizon in terms of rectangular coordinates. 

The following chronology supports our hypothesis of Habash’e method 
being the source for that of al-Biränï: In his letter to al-Sijzï, al-Birüni says he 
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al-Qaänün al-MasSüdi 


.… Measure off the radius of the day cirele 


Habash : + 


Choose Z'a0 AZ = ?. 


Choose H 40 that ZA — ue | 


Choose T's that ZT = A}. | 


Draw the day circle of Mecca and call | 


its diameter HD. 


où TE to get SE. 


Draw S0.L HD onto HD, 
so D ste projection of thé si of | 
Meeca on the local meridian. 


Draw OYI|AE. 


5. 


Choose Nso EN — pe 


Choose H s0 NA = pus 
Choose T's0 that NT = Ah 
Same done here. 


Draw the radius of the day circle parallel to 
ET and call it MF. 


Draw FO_LHD, s0 0 is the projection of the 
zenith of Mecea on the local meridian. 


Same done here. 
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ned in his procedure as a point on the perpendicular to AG through Y, and in 
fact al-Birünis argument here is directed to showing that H'lies on YO | AG, 

Thus with AG as axis rotate the plane of the meridian into the plane of 
the horizon, Since LY and OY are perpendicular to AG, LY goes onto OY: 
but HL|IOY sa the rotation of LY defines a plane that contains H', ie. H' 
lies on YO (0 we may now refer to H' as 0). At this point al-Birüni falters; 
for, since O is the same distance from the meridian as A, i.e. the distance HL, 
he need only measure off, on the proper side of AG, a segment YO — HL to 
obtain 0, the image of H, In fact he has even said (lines 15 and 16) that YO = 
HL. However, having thus come in sight of Mecca he now turns away and 
argues as follows: In the circle ZHD the are ZH has the property that Sin 
ZB — HL, the desired length. Thus in the circle ACG take an are A8 = ZA. 
Then Sin ÀS — HL; however, an easy argument shows that since the circle 
AC is larger than the circle ZHD (unless it is not Mecca whose gibla we seck 
but some locality on the equator) Sin À > HL. Hence YO > HL and al 
Birüni's worshipper will be facing either t00 far east or to0 far west. 

The reader should note that in his German translation Schoy translates 
527.20.528.2 as follows (with lettering modified to fit that of Figure 1): “Und 
wenn wir den Kreis SM mit dem Bogenabstand ZH beschreïben so ist 
3SM — sin are AS — HL. Wir ziehen also S0||AG und machen YO — LHund 
damit wird der Ort des Punktes O bekannt …” [L. p. 71]. 

Evidently Schoy used a different text, one including the phrase * } SM —" 
and supporting the reading “wir zichen … YO — LH”, Yet his text at this 
point gives no better sense than ours since SO, once drawu parallel to AG, will 
determine YO as something not equal to LH. We will not be at liberty, there- 
fore, to “make YO — LH”. It seems Schoy only wanted to make a German 
translation of his text available to his readers and not to present a study ofit. 

In [13] Wicber dérives the expression sin A2. -cos guy: R for the length 
of the perpendieular from S to AG. where R = EA. In fact since HZ — cos 
guCrdA?. the formula for the length of the perpendicular from S to AG 
is Sin (are Crd (eos gw: Crd AX)) and what Prof. Wieber derived was actually 
HL. Since Wieber's error cancels that of al-Birüni the trigonometrical formula 
he derives for the azimuth of the gibla is correct; but, this point aside, it is 
evident that al-Birüni’s argument makes no appeal to trigonometry and that 
it can only mislead the reader to analyse it in trigonometrical terms. 

We shall next show that al-Birüni's construction is a modification of that 
of Habash al-Häsib, as set out in [5], the chief difference being that al-Birüni 
obtains the zenith of Mecca on its day circle while Habash works only with 
its projection on the local meridian. We set out in parallel columns the two 
procedures up to finding the distance YE of the zenith of Mecca from the 
prime vertical and in Figure 3 we indicate, by drawing them double, the lines 
in common to the two procedures. 
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Fig. 2 


that when HK is drawn as it should be in Figure 1 then, when it is put in its 
place in Figure 2, H will be the zenith of Mecca (see line 12). As we have emen- 
ded the text, his reasoning is that this is because +HKZ — A2, which in 
turn follows from the fact that KZ||EQ and +HKZ — «BEQ. His conclusion 
is correct and his reasoning needs only one explanatory remark: Wheu the 
equator is folded into the meridian plane along EQ (part of its trace in this 
Plane) the point on the equator at the longitude of Mecca goes into B in Figure 
1, while folding the day cirele of Mecca along KZ takes the zenith of Mecca 
onto a point H so that KH||EB, which al-Birüni justifies by sayiug EQ||ZK 
and +QEB = +ZKH. It follows ZH — A À and hence H is the zenith of Mec- 
ca. Now, he says, his goal is to find 0, the projection of H on the horizon; for, 
since the altitude cirele of H contains HO the line EO defines the direction of 
the gibla. We shall temporarily rename O as H' for O has already been defi- 
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of radius R, Sin 6 — R sin 0, — are Crd a = arc erd (a/R), and Crd 0 — 
R crd 0. For any angle 0 < 90°, 8 denotes 90°— 8. 

Al Birüni's method is clear enough, when his description is read in conjunc- 
tion with Figure 1. As for his proof, it is apparent from bis remarks about 
circles being imagined to be perpendieular to each other that he is talking 
about a situation in space and a proof using analemma methods. 


A 


Fig. 1 


The fret part of al-Birünt's demonstration is clear, He nicely shows the 
correspondence between parts of his diagram (Figure 1) and the planes of the 
horizon, meridian, and day cirele of Mecca (in Figure 2). Now he wants to show 
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to BE) and we describe abont the center À (13) and with radius ZH the are 

S. We drop the perpendicular HL onto. KZ and draw (14) LO perpendicular 
10 AEG. Then, if the longitude of Mecca is more than the longitude of our 
locality (15) we draw from the point M, east of A. a line parallel to the diameter 
(16) AEG, and if the longitude of Mecca is (17) less (then our longitude) we 
draw from S (18) a paraiel to AEG. Let (19) its intersection with the line LO 
be at (20) the point 0. We draw from the center (527.1) onto it (the intersi 
tion) the line EOC so thatit will be the line of the gibla, along which the worsbip- 
per pers his prayer (2) from the center £, and so he will be facing Mecca 
or the locality which we assigned for facing. 


(3) The proof of that. We imagine the semicirele ABG to be half of the 
meridian eirele (4) perpendieular to the semicirele ACG, which belongs 
to the horizon, and since are GT is (5)the latitude of the city, T'is the 
north celestial pole and ET is part of the axis. Since we suppose (6) (the arc) 
TZ 10 be equal to the complement of the latitude of Mecca, K will be the 
center of the day circle passing over it. (7) For that reason half of this day 
circle will be ZHD and in imagination it is perpendicular to (8) the meri- 
dian circle. So, when we make (arc) TB equal to the complement of the 
difference of the two latitudes, (9) the line KH parallelto EB [euts off] 
{ (fadala) from the day cirele (an amount equal to) what is between the two 
longitudes (10) because of the parallelism of the two lines KZ and the 
one going from E [perpendicular to] (‘amd AOL) TE and the equality 
11) of the two angles HKZ and that which is bounded by BE and the 
above-) mentioned line, facing the degrees of time (ie. equatorial deg- 
rees) (12) of (the amount) between the two longitudes. The point H on 
this perpendicular day cirele is facing Mecca. The perpendicular (13) 
descending from it onto the horizon of our locality, and let it fall at O. 
5 in the planerof thé altitads civelo (14) paming over Mbéés, and the 
facing of Mecca will be in its plane and for that reason our effort be- 
comes (15) coufined to determining the position of [the point 0] (its 
points Y,0). Lt is known that [YO] (0) is parallel to HL (16) and is 
equal to it because of the parallelism of LY with the perpendicular de- 
scending from H onto 0; and so, if we rotate (17) the ere about the 
axis AËG the line LY perpendicular to it describes a plane surface (18) 
which cuts the horizon at OY,and YL fits in it along its straightness 
19) and s0 the point © is on the line YLat (the place of) its appearance 
(on) the horizon. (20) When we describe the cirele SM with radius ZH 
the sine of(are) SA in it is equal to (528.1) HL, and for that reason the 
line SO parallel to AEG [euts off] (fadala) from the line (2) OY (a seg- 
ment) that is equal to HL. So the place of the point 0, which is the 
fout of the perpendieular (3) (from the zenith of) Mecca on our horizon, 
is known. 


Commentary 


Before we proceed with our commentary we state some conventions used 

in the remainder of the paper. The symbols A, ?y and ç denote respectively 
ie difference in longitude between Mecca and the locality, the latitude of Mecca 
and the local latitude. We write the medieval trigonometrie functions with 
capital initial letters: thus, when 8 is a central angle and a is an arc of a circle 
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What Schoy said is correct, though it does nothing to illuminate Ibn al-Hay- 
tham's method and its reference to the cotangent theorem has misled at least 
one modern writer. Thus, R. Wieber provides a similar trigonometric proof 
of al-Birüni’s procedure, (4), and then remarks of the two analemmas of al. 
Birünï and that of Ibn al-Haytham that since all three lead to the cotangent 
theorem one may conjecture that al-Birüni simply adapted Ibn al-Haytham's 
procedure twice (13, p. 627]. 

It is not surprising that different analemmas should result in equivalent 
formulae for the azimuth of the gibla when cast in the language of spherical 
trigonometry; however, it is surprising that on this basis one would conclude 
that two of the procedures were modifications of the third. As the subsequent 
analysis will show, al-Birüni adapted the technique of Habash and not that 
of Ibn al-Haytham. 

We note also that Ibn al-Haytham”s procedure is discussed briefly by King 
in [73 though his main purpose is to show that Ibn Yünus” formula for the 
azimuth of the gibla may be derived from the analemma of Ibn al-Haytham. 

Since the basis for much of our subsequent argument is al-Birüni’s method 
(4) and its proofs and since the only available translation [11] does not attempt 
10 deal with the corruptions in the text of the proof, we have thought it proper 
to furnish a translation of the Arabic text as given in [2]. 


Translation of Book 5, Chapter 6, of al-Qänün al-Masüdi 

Nate: In our translation of the procedure and its proof from the Arabic 
text in [2] we enclose our emendations in square brackets and supply the 
original reading in parentheses immediately afterwards. Additions to the text 
or explanations are enclosed in parentheses, the notation “(n.m)" signals the 
beginning of line m of page n (in [2]), and “(m)” indicates the beginning of line 
m. Figure 1 is based on the figure in the text while Figure 2 has been supplied 
10 illustrate the proof, for it is clear from al-Birüni’s own statements in the 
proof that he was referring to a solid figure. 

(526.1) The Sixth Chapter: On the Constructive Method of Determining 
(2) the Aximuth of the Qibla and of other Places (3). When we want that we 
draw on a level surface in the equivalent of the horizon a circle, (4) and it in 
draw the line of the meridian, and we divide its circumference into three 
hundred and sixty (5) parts, a regular division. (6) Let cirele be ABGC abont 
the center E, (7) and the line of the meridian in it AEG and À the south point. 
We fix the arc (8) GT toward the south equal to the latitude of our locality. 
We join ET and make (the arc) TZ (9) the complement of the latitude of Mecca 
or of the locality whose azimuth we want. and onto ET we drop the perpendi- 
eular (10) ZK. About the center K and with distance KZ we describe the 
semicirele ZHD. (11) Next we eut of (the arc) T'B equal to the complement 
of the difference in longitude between our locality and Mecca, or that locality 
[whose azimuth we want] (12) and we draw [ BE] (YE). We draw KH parallel 


A Comparison of Four Analemmas for Determining 
the Azimuth of the Qibla 
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N IMPORTANT APPLICATION OF MATHEMATICS in the medieval 
Islamic world was the determination of the direction in which the faithful 
must turn to pray, ie. the direction of Mecca. This problem was referred to 
as the determination of the azimuth of the gibla, and in his article [6] (in the 
bibliography which follows this paper) King gives a useful survey of some of 
the medieval solations to this problem, including approximations as well as 
graphical methods and applications of spherical trigonometry. 

Of greater antiquity than the trigonometric techniques, graphical (or 
analemma) methods continued in use throughout the Middle Ages. There 
are four such solutions to the problem, and although all four have been published 
only two have been properly treated as analemmas. The four solutions are: 
(1) That of Habash al-Häsib, which survives in a letter of al-Birüni published 
in (5}, (2) a method of Ibn al-Haytham, published in [9], (3) one of al-Birüni 
in his Kitab Tahdid al-Amäkin, trauslated into English in [1}, and finally (4) 
another due to al-Birüni, this time in his al-Qänün al-MasSüdi [2], which was 
trauslated into German in [11] and has been most recently discussed in [13]. 

The present paper has three goals. The first is to show that gibla determina- 
tions by analemmas are best studied on their own terms and not as some 
disguised form of trigonometry. The second is to point out an error in al-Birü- 
nÿ solution in (4) which previous authors have failed to observe. Finally, we 
shall show that both of al-Birüni's procedures are modifications of that of Ha- 
bash, while Ibn al-Haytham's technique is distinct from these but close to 
al-Birüni’s graphical method of determining the meridian [3]. 

We begin with some general remarks on the treatment of graphical methods 
for determining the azimuth of the gibla in the literature on the subject. As 
already remarked, of the four procedures published, only (1) and (3) have 
been seriously discussed as analemmas, in [5] and [4]. Ibn al-Haytham’e 
procedure was discussed by Schoy at the end of his translation [9], but only 
by a fow lines giving a trigonometrical proof of the validity of the analemma. 
This proof he repeated in [10], and concluded with the remark that the formula 
he extracted from the procedure of Ibn al-Haytham “is simply the well-known 
cotangent theorem of spherical trigonometry applied to the spherical triangle”. 
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positions, for each day ofthe year, and dating from the seventeenth, eighteenth, 
and nineteenth centuries survive in the Egyptian National Library. An extract 
from one of these, contained in MS S and computed for the year 1194H (— 
1780), is displayed in Plate 3;it is unusual in that positions are given for the 
sun and moon for each day, for the outer planets and Venus for each ten days, 
and for Mercury for each five days. It seems highly probable that this ephem- 
eris was computed using the corpus of auxiliary tables that we have discussed 
in this paper. Indeed, although no surviving ephemerides contain an explicit 
statement that they were computed using the tables of al-Durr al-yatim, we 
can bo sure that these auxiliary tables were used extensively in Egypt from 
the fifteenth century onwards. 
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The majmüa table for Mereury (fol. 120v) is attributed to al-Hunaydi, 
the mabsfla table (fol. 121r) is anonymous. Likewise the increment tables 
(fols. 121v-128v) are unattributed. 

An additional table for the maÿmi‘a of Venus has been added in the manu- 
script (fol. 103r) by Mustafä al-Faydi (kätib muyrif-i Sadr-i “Al) in 1170H, 
and calculations in his handwriting oceur elsewhere in the margins of some 
of the original tables. Across al-Hunaydis maÿmü‘a table for Venus be has 
writteu in Turkish jumlat bu jadwal ghalatdir, “all of this table is wrong”. 
Elsewhere in the manuseript, by a table of mean positions of the lunar node 
(fol. 62r), the same person has written bu jadwalak tafäwuti fähish olûr, “this 
table has an exorbitant divergence (from the truth)”. It is rare to see such 
critical statéments in medieval Arabic manuscrip! 

Each of the individuals Abd al-Rabim b. al-Baun3', Muhammad al-Hunay- 
di, Muhammad b. al-Qalafï, and Mustafä al-Faydi, is new to the modern 
literature on the history of Islamic astronomy, 

Ridwän Efendi, an astronomer who worked in Cairo ca. 1600, compiled 
a set of solar, lunar, and planetary tables based on the method of al-Durr 
al-yatim and on the parameters of the fourteenth century Zij of Ulugh Beg 
of Samarqand. Ridwän's tables, extant in MS M, cover 822 pages of manuscript, 
and are copied in his own untidy hand. For the sun, moon, and five planets, 
there are majmü°a, mabsîla, and increment tables. The solar increment tables 
are as in the earlier kind with entries for each 0:;3° of horizontal argument. 
The lunar and planetary tables give values for each 1° of horizontal argument 
rather than each 6°. But Ridwän tired of computing, and, in general, values 
for alternate degrees are omitted; sometimes whole pages are ruled for tables 
but there are no entries. In all cases, valués are given to three sexagésimal 
digits rather than two. Ridwan’s tables appear in a tidier form in MS N, copied 
some 250 years after his time: here his values for the increments are rounded 
10 two digits and the horizontal argument difference is 2°, so that the values 
which Ridwän did not bother to compute have been omitted altogether. 

Ridwän seems to bave had an inspiration to compile an even larger corpus 
of auxiliary tables, a holograph copy of which survives in MS P, consisting 
of 1446 pages of tables, although here again he succumbed to the tedium of 
churning out tables and left about half of the entries blank. In this version 
the maÿmüfa tables are as before, but the mabsüfa tables have been incorporated 
into the increment tables, in a way that escapes us. MS Q is a unique copy 
of a set of lunar tables based on the same principle, compiled and copied by 
the Cairo astronomer Ramadän b. h al-Khawäniki about the year 1750. 
Al-Khawäniki boasts on the title folio that no one has preceded him in this, 
but the vast majority of entries in the ninety folios ruled for tables bave been 
left blank. 

Several dozen Egyptian ephemerides giving solar, lunar, and planetary 
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any compiler. The same increment tables for Venus occur in MS R, where a 
different set of majma‘a, and mabsäta tables for Venus are attributed to 
Shams al-Din Muhammad al-Hunaydi (and yet another set is attributed to 
Mustafa al-Fay di — see below). 

Concerning MS H, several other copies of this treatise exist, but no others 
contain the corpus of tables. This manuscript was copied in 1253/1837-38 and 
the tables may not be original 10 the treatise of Ibn Bakhshïsh. This is con- 
firmed by the fact that the author gives a worked example for 979 Hijra 
(= 1571/72), and the table of days in the following tables begin with 1110 
jra. À complete set of majmä"a and mabsü{a tables and inerement tables 
for the sun, moon, and planets is presented in this manuscript, and the 
only table specifically attributed to an author is the majmäa table for the 
moon which was computed by Mustafa Abü'l-Itqän al-Khayyät, an Egyptian 
astronomer who lived ca. 1150/1740. 

We now turn to MS R, a corpus of tables in ca. 140 fols., copied in 1053/ 
1643-44, and survey the tables it contains which relate to our subject. Firsily, 
there is an “extended” set of the solar increment based on Ibn al-Majdis 
original tables (fols, 3r-22v), with values for each day rather than each ten 
days. This is followed (fol. 23r) by a table of the lunar equation when 2n —6* 
attributed to “Abd al-“Aziz al-Wafä'ï, with a note on how to use it. Next 
there is (fols. 24r-26v) a set of solar increment tables from the Durr, followed 
by (Fols. 27r- 28v) the text of the treatise al-Sira! al-mustagim by Ibn Abÿl- 
Fath al-Süfi which the copyist says is very useful although people have over- 
locked it. The lunar maÿmia, mabsfta, and increment tables (fols. 29r-60b) 
are specifcally attributed to Ibn al-Majdi. 

The majmüfa table for Saturn (fol. 61r) is stated to be taken from Ibn 
al-Majdis work al-Hall wa-l-tarkib; the mabsüta and increment tables (fols. 
61v-68r) are unattributed. 

The various majmi“a and mabsäta tables for Jupiter (fols. 69v-70r) are 
attributed to Ibn al-Majdi, “Abd al-Rahïm b. al-Bannä' and Muhammad al- 
Hunaydi, and the increment tables (fols. 70v-76r) are attributed to Ibn al- 
Bannä’ (see fol. 69v). 

The various maÿmifa and mabsäfa tables for Mars (fols. 77v-78r) are 
attributed to Ibn al-Bann& and Muhammad b. al-Qala‘i, and the increment 
tables (fols. 78v-87v + 90r-101x) are attributed to Ibn al-Bannä’. 

Two loose pages (fols. 88-89) contain some solar tables relating to the 
Durr in a later hand, with a note “for the latitude of Aleppo 35:500”. (The 
tables are in fact independent of latitude). 

Only one of the maÿmü‘a and mabsäta tables for Venus (fols. 103v-104r) 
is attributed, namely, to al-Hunaydi. The increment tables (fols. 104v-119r) 
are unattributed, but they are identical with those in the older MS G (see 
above), 
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N:MS Cairo Mustafa Fadil miqät 83 (259 fols., ca. 1250/1835) 
A later copy of Ridwän Efendi's tables in MS M. 
P: MS Cairo Där al-Kutub migät 802 (723 fols. !, ca. 1000/1600) 
Ridwän Efendi's own copy of his revised version of the auxiliary tables for the planets, 
entitled Kitb Asnd al-mawdhib fi taquim al-kawdkib. 
Q:MS Cairo Mustafä Fagil miqat 133 (90 fols., ea. 1150/1735) 
Ramadan al-Khawänïki's own copy of his auxiliary tables for the moon, after the 
model of Ridwñn's tables in MS P. 
R:MS Cairo Tal”at migät 113 (138 fols., 1053/1643-44) 


This manuseript contains a complete set of solar, lunar aud plasetary tables ba: 
où the method of al-Durr al-yattm. It bears the spurious title Tashil zij durr al-yatim 
Mojritt [1] bi [sie]-fül Misr al-Mufissïya. Most of the mojÿmü*a and mabsäfa tables are 
attributed (see below). 
S:MS Cairo Där al-Kutub migät 504,3 (fols. 10v-14r, ca. 1193/1779) 
An anonymous set of ephemerides for the year 1194 Hijra, apparentlÿ compüted 
using tbe tables of al-Durr olzyaitm. 
T:MS Cairo Där al-Kutub miqät 878 (25 fols. , ca. 1250H), plus two fragments 
numbered 40 aud 627. 
This is a set of auxiliary tables for computing solar longitudes, compiled by an Eeyp- 
tan astrouomer named Abü'l-Fath b. Abd al-Rabwän al-Danñebiri, 
U:MS Cairo Dar la-Kutub migät 109,3 (fols 33v-39r, ca. 1200H). 
Compiled by an anonymous Syrian astronomer, this is another set of solar tables. 


11. Discussion of the Sources 


The popularity of Ibn al-Majdi's tables in later Egypt is proven by the 
relatively large number of copies of these tables in various recensions, and of 
commentaries on the use of the tables by most of the more celebrated of later 
Egyptian astronomers. 

Modifications were made to the solar and lunar tables already in the fif- 
teenth century °1z2 al-Din al-Wafa’i and Nür al-Din ‘Ali al-Naqgqäsh, and 
the planetary tables (as in MS H) appear to date from about the year 1600 
although the existence of a set of tables for Venus copied ca, 1450 (as in MS 
G) established that tables for the planets were also produced prior to 1600. 

Commentaries on the use of the tables were written by {bn al-Majdi himself, 
Szz al-Din al-Wafä'ï, Ibn Abi l-Fath al-Süfi, Hasan b. Khalil al-Karädisi, 
Sbihäb al-Din Abmad al-Kutubi al-Khurfäni (?), Sulaymän h. Hamza b. 
Bakhshish, Shihäb al-Din Abmad b. Müsä, Yahyä b, Muhammad al-Khattäb, 
and “Uthmän b. Sälib al-Wardäni as late as ca. 1800. 

The earliest copy of planetary tables based on the method of al-Durr 
al-yatim is MS G, copied ca. 850/1450. This contains both majmüa and mab- 
sûla tables and a set of increment tables for Venus. There is no indication of 
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These contain respectively the solar and lunar tables, copied in the distinetive 
hand of AI b, Mubanuond al-Dalarï, There is no original title on the first manuseript. 
a hodge-podge of fragurents from Jater copies of the 


:MS Cairo Där al-Kutub miqät 391 (41 fols.. ca. 1000 /1600) 

This is a complete copy of the solar and lunar tables in » clear band. The 
irdb al-Durr al-yatim fi jana*at al-taquim and identifies the 
He is specifcally mentioned in most of the tables as the caleulator. 

There are additional tables of the majmä"a of the moon (fols, 1y-2r), specifically attributed 
9 Nür al-Din al-Naqqäsh and “ax al-Din al-WaG'i. 
:MS Cairo Dar al-Kutub migät M 25 (30 fols., ca. 825/425) 


This is a complete set of Junar “increment"” tables in a clear and elegant 
hand, with a note ou the Brst page of tables: ‘*these are the equations of the moon based 
on the parameters of [bn Yunüs compnted by Im al-Majdi, and they are in the hand 
of “Abd al-“Azis al-Wafà* dd 

:MS Cairo Dar al-Kutub miqät M 26 (30 fols.. ca. 850/ 1446) 
Another complete set of lunar inerement tables, in a clear and elegant band. 
:MS Cairo Där al-Kutub miqät 681,8 (fols. 31r-43r, ca. 850/1450) 

A set of majmé*a, mabaute, and increment tables for Venus, in a clear and élegant 

hand. There is no indication of any compiler. 
:MS Yale Nemoy 1453 (90 fols., 1253/1837-38) 

A treatise on the nse of the tables of al-Durr al-yatim entitled Tiré: ol-ghurer fi 
ball al-durar and compiled by an Esyptian astronomer named Sulayman b. Harnsa b. 
Bakhshish (? or Hasbish; either variant seems impprobable). This particular copy, unlike 
the others of the Jirée al-ghurar that we have examined (e.g., MSS Cairo Där al-Kutub 
migôt 791 (9 fols., 1072H) and majämt® 323, GA (fols. 33v-34r, ea. 1250H), eontains an 
extensive set of tables. See further Section 11 below. 

MS Cairo Tal‘at migät 82 (37 fols., 870/1465-66) 

A copy of the treatise by Ibn al-Majdi on the compilation of ephemerides called 
Ghunyat al-fahim. 

MS Cairo K8524 (68 fols.. ca. 1000/1600) 

À copy of the treatise by Ibn al-Majdi on the compilation of ephemerides called 
Kitäb al.Tashil 1ea”Ltagrib. 

:MS Cairo Talfat migat 113,1 (fols. 1r-128r, 1053 /1643-44) 

A set of tables based on the method of al-Durr alyatim serving the sun, moon, and 
planets. The various tables are bere attributed to their compilers; see Section 11 below. 

1MS Cairo Halim migât 16,2 (fols. 33v-37v, ca. 1100 /1690) 

A treatite on the compilation of an ephemeris for Mercury using tables in the tradi- 

tion of ak-Durr al-yatim. The author is Shibäb al-Din Abmad al-Kutubi al-Kburfänt. 
1MS Cairo Taymür riyäda 188 (822 pp.! ca. 1000/1600) 

Ridwän Efendi's own copy of his solar, lunar, and planetary tables bared on de 

method of al Durr al-yatim and entitled al-Durr al-nazim or al-Durr alfarid. 
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Put Aid — d— d,, and from the summed section of the table determine 

dx, thence a second couple 

Am, AY 
analogously to the procedure of Section 4. These two numbers are respectively 
the change in the mean and in the anomalistie argument from the beginning 
of the 35-year cycle to the first day of the “Julian” year in which the given 
date falls. 

Calculate « third couple 

me = ms + Am =v+ An: 
This consists of the mean longitude and the value of the anomalistic argument 
on the first day of the tale year. Note that by virtue of the choice of epoch 
for the mean motion tables and tbe property of the 35-year cycle, the condition 
000 < +3< 1:0° should always hold. 

Calculate Ad — Ajd — da the number of days from the beginning of 
the table year to the given date. If Ad is divisible by ten it will appear among 
the “excesses of days” arguments of the equations table. Otherwise choose 
the day argument nearest Ad. For the other argument, the anomaly, choose 
the table argument nearest y. Find the entry in the table corresponding to 
these two arguments, and call it Aa. 


Then 
= m3 + A 

will be the solar true longitude for the first day of the ephemeris, 
= m3 + Ah 


for ten days later, where A is the entry under A1, and so on. 


10. The Sources 


Virtually all the manuscript material relating to the tradition of al-Durr 
al-yatim is preserved in the Egyptian National Library (Där al-Kutub) in 
Cairo, and information on all of these manuscripts is contained in the forth- 
coming catalog of the Cairo scientific manuscrits by the first author, Our 
knowledge of the tradition is impaired by the fact that most copies of the 
tables are anonymous or defective or both, The following manuseripts are the 
oldest and most reliable sources and will be hereafter referred to by the appro- 
priate sigla. 


A: MS Cairo Där al-Kutub miqgät 405 (39 fols., copied ca. 850 /1450), 


“This is the best available copy of the solar and lunar tables, tronseribed 
in the élegant hand of AIS b. Hasan al.Bobtifi. Unfortunately the title folio, and with 
it the fret vwo sets of solar tables, is missing. The latter have been added in a Inter inele- 
gant band. 


B and C: MSS Cairo Där al-Kutub miqät M 85,1 (fols. 1r-2y, ca. 850/1450) 
and miqät M 44,2 (fols. 22r-27v, ca. 850/1450). 
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table, when y = 0. For the last column of the same table y — 1°, Then the same 
process as described in the paragraph above was carried through for the ele- 
ments of this column also. That is, the solar mean travel in intervals often days 
was subtracted from the successive entries. The set of remainders should plot 
as an equation curve congruëent with that of Figure 2, but displaced 10 the 
left by a small amount as indicated in Figure 1. More precisely, the sun will 
already have passed the apogee by a degree at day zero. Since the mean and 
the anomaly advance at about a degree per day the horizontal displacement 
between the two curves should be very nearly a day. 

This notion was verified by caleulating the horizontal intercept of each 
of the two equation curves between Ad = 6,0 and ad — 6,10. Since the curves 
in this neighborhood are very nearly flat, linear interpolation can be used 
with very little sacrifice of precision. For the y = 0 curveit yielded an intercept 
at 65:14: for y = 1 at 6,4:14. 

As a final test, the differences between corresponding entries in the two 
end columns were calculated. Since for each pair the differences in the respec- 
tive y's are precisely one degree, the results should be approximately equal 
to the set of first differences obtained from a solar equation table where the 
tabular difference is one degree. Such a table is found in the zïj of Ibn Yünus 
(ee the entry in [3]). First differences were calculated from it for arguments 
near those of the differences between column elements. Iu general, cor- 
responding results were identical to seconds of are. 

The method of caleulating the end columns in the équations table having 
been established, it remains to do the same for all the columns in between, 
ie, for y = 0:3", 06°, 0:99, .…., 0:57. 

For several fixed and widely separated values of Ad, plots were made 
of the equations table entries for the range y — 0, 0:39, 0:6%, … 1:00. In all 
cases the resulting graphs are straight lines. That is, entries along rows were 
filed in by linear interpolation between the endpoints. This is reasonable, 
since the solar longitude function has little curvature anywhere, and the total 
variation along rows of the table is only a degree. 


9. Use of the Solar Tables 
Having worked out the structure of the tables, their manner of application 
is reasonably evident. Suppose a solar ephemeris is desired, at ten day intervals 
commencing from a given Hijra date. Use the days table as described in Sec- 
tion 3 above to obtain d, the number of days from epoch to the date in question. 
Now turn to the Solar mean motion table and, as described in Section 4, 
determine di from the extended table, and the corresponding couple 


My Yi: 
These are respectively the solar mean longitude and anomaly at the begin- 
aing of the 35-year “Julian” cycle in which the given date falls. 
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equation, the sinusoidal function of small amplitude bugging the horizontal 
axis on Figure 2. e is periodic with a period of a year. More precisely, its period 
is the timé required for the solar anomalistic argument to run through a com- 
plete revolution. So the true longitude function consists of an ascending straight 
line upon which a series of identical ripples has been imposed. Since the motion 
takes place on a circle, perhaps it is better to think of the curve as dropping 
to the horizontal axis every time it reaches 360°, but this is not shown on the 
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Consider an instant when the sun passes through its apogee. The Prolemaic 
model has been s0 set up that at this time y — 0 and À = À — m,, say. Then 
the entries down the first column of the equations table (for y — 0) are repre- 
sented by the set of dotted vertical segments rising from the horizontal line 


of height m; and terminated by the equation curve. That is, the entries are 
ah=e, +, 
n — 10, 20, 30, .…, 6,10, 
where 0, is the value of the solar equation n days after passing the apoger, 
and À is the rate of increase of à in degrees per day. 

The validity of the above assertion was demonstrated by calculating the 
solar mean motion in 10, 20, 30, … 6,10, days and subtracting the results from 
corresponding entries in the first column of the table. The results, when plotted 
in Figure 3 exhibited the characteristie form of an equation curve. 

The above has to do with the entries in the first column of the equations 
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7. The Solar Mean Motion Table 

The sun has only one “equation®” instead of the two for the planets and the 
moon. Hence the solar tables are set up somewhat differently from the others, 
and require a separate explanation. The mean motion table is in two sections 
of three columns each (disregarding columns for the madkhal), the entries 
being: (1) integer days, the argument of the table, (2) solar mean positions or 
motions, and (3) the argument of the solar anomaly. A are in sexagesimals, 
or zodiacal signs and degrees, the mean and anomaly being to seconds of arc. 
Again one section is called “summed”, the other “extended”. For the former, 
the first entry in the first column is to be regarded as thé number of days passed 
since epoch, hence it corresponds to a specific date. Successive entries in the 
days column may be found by additions of 3,33,4 days — 35 “Julian” years 
of 365} days, each rounded off to the nearest integer. Corresponding entries 
in the mean and auomaly columns give the pusitions of the mean sun and its 
anomaly at the successive thirty-five year increments indicated. The reason 
for the choice of this particular interval seems to be that the anomalistie mo- 
tion during this time is very nearly an integer number ofrevolutions, successive 
positions differing from each other by only 0:0420. Furthermore the initial 
date has béen so chosen that the first entry for the anomalistic argument is 
small, 

The extended section of the table has in the first column the number of 
days in 1,2,3,..35 Julian years, commencing with a leap year and inserting 
additional such every fourth thereafter. The second column gives the amount 
of mean solar motion in these times. The third column does the same for the 
anomalistie motion. The later is very near but slightly less than a degree per 
day, Furthermore, the duration of the motion for all entries differs from an 
integer number of years by less than a day. This insures that all entries in the 
third column are less than unity. 


8. The Solar Increment Table 

This is called Jadwal taädil al-shams, “Table of the Solar Equations”. 
It has two independent arguments. One, called the fädil al-ayyäm, “excesses 
of days”, is the set 10, 20, 30, … , 6,10 (— 370). It takes up the first column of 
each page on which the table oceurs. The first argument spans ü year at ten- 
day intervals. 

The second arguments is the set 00, 0;3, 0:6, 09, …, 1:0. It is not named 
in the table, but, as becomes evident from texts and examples, it is a range 
of values of the solar anomalistic argument, +. 

As for the function tabulated, it is explained herewith by use of Figure 
2. The solar true longitude is 

=i+e, 
where % is the mean longitude, a linear function of time, and e is the solar 
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6. The Lunar Tables 


The principles applied in the planetary tables are used also for the moon, 
the double elongation, 2n, replacing «, the center. À detailed description hav- 
ing already appeared in [7], a fow remarks here will suffice, The long period 
is now 50,31 days = 1,50 anomalistie months, each of the latter ranning to 
twenty-eight and a fraction days. For the lunar increment table the domain is 

7 = 0°, 19,2, 


The daily motion of y is of the order of thirteen degrees. The initial points 
of the long periods have been so chosen that at them + is small. Hence at the 
initial points of the short intervals, noons of days in which successive anoma- 
listic months commence, y will never be as high as fourteen degrees (sce Plate 2). 

Just as in the preceding section, values of AX were calculated for spot 
combinations of the arguments and compared with corresponding tabular 
entries found, this time in two sources. The results are displayed in the table 
which follows. Correspondence between text and calculation is quite good. 
Bodleian Arabic MS Marsh 374 is the source used for [7]. 


SPOT CHECK OF TWO LUNAR INCREMENT TABLES 


a @) @)| 4) (6) (6) (Le) (8) 
Arguments | ax 
| 


27 | aà | Tbn Hachisb Machine 20) Bodleian | (5)-() 


5 |? | (vuree 1) | Caleulation | 


0! 0° is | 00 11539 Os 11:509 0,30) 0° 11,50° 
ll 10 |4 5:28 4 5:24 —0;54 4 5:23 
0 |20 |9 O1 9 0: 07 19 Oo: 
10 | 186 10 | 4 8:46 lé 8:39 —0:7 ,4 8:39 


5 6 15 |6 19:40 6 19:46 0:6 6 19:46 


o 18 | 1 |o 1:39 |o 11:33 Ô 1:36 
10 354 |10 |4 5,50 |4 5,510 |_0;8 4 5,49 
10 180 |20 


| 8 28:45 8 28:59 0:14,8 28:57 0:32 
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So the true longitude on day d (or on the day nearest d'in the table) is 


à = m,+ A. 

The format of the increment tables is such that on each page the 
column of A;d's runs down the right edge of the table. Hence, once the 
user bus found the proper Aà for a particular day, the A2 for ten days later 
will be immediately below the one just found, and so on. This is particularly 
handy for the calculation of ephemerides. Plate 2 is an ecxerpt from au in- 
érement table, but for the moon. 

An HP-67 calculator was programmed to compute the 5, thence A 
corresponding to given values of the arguments after the parameters for a 
particular planet had been keyed into the machine. The results for two sets 
of values for each planet are shown in the table below, together with the cor- 
responding entries in the A table of Source H (described in Section 10 below). 
The agreement between text and calculation is not perfect, but it is close 
enough to demonstrate that our analysis is valid. 


SPOT CHECK OF À PLANETARY INCREMENT TABLE 
| (Text values from Source H)__ 
| Arguments | | 
PE à 8 
ze | Ê 
lanet £ 
| ad Es || $# 
| EN EE | text [os [1% | 
| | L = = 
3608 | 0°! 0) 9;1® | 919 | 0,2 
Saturn 4 + 
| 10 120 | 1 | 356,21 356:10° —0;11 
| w 
| 60 |30 | 21 | 018 10:13 0:0 
1 Jupiter ! | == ES 
360 | 90 | 0 | 20:25 20:25 00 | 
| 60 |12 | 0 | 72 3713 | 0j 
Mars ASE RS it MT 
360 | 60 | 1 | 23426 2350 | 0; | 
Se lo. a : | 0: 
ME Woo) ww | was [on | 
ao No | 1 | 2761 27347 |—24 | 
| uo | 03 os | 10157 0;1 | 
ES se L 
eur | (90 | 1 | sua6 | 585 | 1:29 | 
: | 
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planet in question and from the column of days obtain d, it being the largest 
entry in the column such that d, < d. Note down the triple of centries on the 
same line as di, 
Ms Yi ie 
This process locates that one of the big periods in which d lies, and the 
mean longitude, anomaly, and center at that time. 
Now put Ad — d — di. This measures how far d enters into the big 
period. 
Turn to the summed table, and find d,, the largest argument such that 
d, < Aid. This locates the initial point of the anomalistie period in which 
d lies. Opposite d, take the corresponding triple 
Am, AY, A% 
being the amount of change in the three variables in d, days. 
Calculate Ajd = Ayd — d,. This is the number of days by which d has 
entered the anomalistie period. 
Then 


M = MÉHAM = YA = HA 

are the mean longitude, anomaly, and center on the initial noon of the anoma- 
listic period in which d lies. Since each element ef the triple can be thought 
of as a point on a cirele, it should be regarded as the residue, modulo 360, 


of the three defining sums above. 


5. The Planetarÿ Increment Tables 

The arguments for entering the Ay table are «,, y,, and A;d, calculated 
us described just above. In fact the user of the tables will have to content 
himself with approximations to these numbers, for the domain of «, in the 
tables for all the planets is 00, 60, 12, …, 3540; that of +, is 09, 19 for all the 
planets except Mercury, which has 0°, Lo, 20, 30, The domain of Ad is 10, 
20, 30, …, p, where p is the anomalistic period of the planet in days. This holds 
for all the planets except Mercury, where the set is 5, 10, 15. ..., p. 

The entries, calculated to minutes of arc, are 

Ah= A+5=Ad-1+8, 
the algebraic sum of the mean motion in A,d days, and $, the equation on 
day d, calculated by means of the expressions marked (1) in Section 2 above. 
The values of the two independent variables upon which 3 depends are 
T=n+ Adi , 

and a=u, + Ada. 
À dot over a variable denotes the variable’s rate of change in degrees per 
day. 
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year Hijra cycle, the spau of possible application of the table, The entries are 
the number of days elapsed from epoch until the beginning of the calendar 
year of the argument entry. 

The extended section gives the number of days in 1,2, 3, … 30 Hijra years, 
and in the successive months of the year, ending with 5,54 (— 354) for the 
twelfth month of a sound year and 5,55 for a leap year. 

The method of using the table is evident. For a given date, obtain three 
entries: (1) in the summed section, that opposite the largest argument which 
is less than or equal to the given year; (2) in the extended section, that opposite 
the excess of the given year over the entry just chosen; and (3) that opposite 
the month named in the given date. To the sum of these three entries add the 


days elapsed of the month given in the date. The resulting sum, d, is the days 
clapsed since the Hijra epoch. 


4. The Planetary Mean Motion Tables 


For each planet there are, as usual, two sections. The first, the “extended” 
one (Ar. mabsüta), gives the number of days from the Hijra epoch to the initial 
day of each big period tabulated. Opposite each day entry are the corresponde 
ing naon positions of mean, anomaly, and center. The second, the “summed” 
one (majmiü*a) gives the number of days elapsed from the beginning of the 
big period to the first day of the successive anomalistic periode. The three 
entries opposite each day number show the changes in the mean, anomaly, 
and center during the particular number of anomalistic periods. Entries are 
20 seconds of are, except for Saturn, Jupiter, and Mercury, for which the center 
has been carried to minutes only. Plate 1 displays two pages from such a table, 
but for the moon. 


The table below shows the lengths of the two periods for each planet. 


F the Tong period length of the 

Planet |, | numberof anomalistic period 
days | anomalistic periods in days 

| Saturn 649,36 65 6,18 or 6,19 

| Jupiter 2,52,51 2% 6,38 or 6,39 

| Mars 3,27,59 16 12,59 or 13,0 
Venus 2,6,31 13 9,43 or 9,44 
Mercury | 1,50,5 57 1,55 or 1,56 

L 


The manner of using the mean motion tables is described herewith, the 
various steps being illustrated schematically on Figure 1. 
Having obtained d from the days table, enter the extended table for the 
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3600. That is, each of the subdivisions between successive asterisks on the 
figure marks the first noon in a new anomalistic period. The change in y be- 
tween any such subdivision and the preceding asterisk cannot exceed the 
anomalistie motion in one day. Hence, because of the original positioning of 
the asterisks, the value of y at all the subdivisions will be small. 

Three sets of tables were calculated: 

1. À days table to enable the user to convert a day given by a Hijra date 
into a number, d, the days elapsed since the Hijra epoch. 

2. À mean motions table in two parts for each planet. The first part gives, 
for an appropriate spau of time, the values of dat each of the noons represented 
by asterisks in Figure 1, together with corresponding values of the mean 
longitude, anomaly, and center. The second gives, for each subdivision within 
pairs of asterisks, the changes in d and the three variables named above. 

3. À A table for each planet, giving the increment in longitude to be 
added to the mean longitude at the beginning of a particular period in order 
to convert it into true longitudes for a run of days thereafter. In principle 
there are three independent variables: (1) days elapsed within the period, 
(2) the values of the conter, «, at the beginning of the period, and (3) the 
anomaly, y, at the same time. By uirtue ofthe choice of asterisks, however, 
the possibilities for y are very restricted, confined usually to two possibiliti 
0% and 1°. For want of a better name we call this third variety of tables, “ 
crement” tables. Note that the term “equation” would be inappropriate, since 
any particular AA entry in such a table has two components, one being the 
planet’s equation, the other the increase in mean longitude during the partieu- 
lar run of days. 

Details are given below. What has been stated thus far makes it clear that 
the burden of computation has been shifted from the ephemeris maker to the 
calculator of the A tables. Once having determined a set of mean positions 
by a process resembling the traditional one, the user need only add a set of 
tabular entries to the mean longitude to produce a run of true longitudes for 
equally spaced intervals. 


3. The Days Table 

As stated above, one table is applied to determinations for all the planets. 
Its full title is Jadwal ayyäm al-masir Wl-kawäkib, “The Days Travel Table 
for the Planets”. Given a Hijra date, the table provides the sexagesimally- 
expressed number of days elapsed from the Hijra epoch to the date in question. 

There are two sections, one for “summed” (muÿm‘a) years, the second 
for “extended” (mabsüla) years. The argument for the summed section consists 
of the set 

30(4+n), n—0,12..,n 

where k and r are suitable natural numbers to cover, at intervals of the thirty- 
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These are described in Sections 7 and 8, and their application in Section 9. 

The general theory and structure of the tables having been dealt with, 
Section 10 lists the manuseript sources in which they have been found. These 
are numerous, and by n0 means have all of them been investigated by us in 
detail, Section 11 discusses certain of the sources and relations between them, 
and makes concluding remarks about the whole corpus, its duration and 
influence. 


2, The Basic Principle of the Planetary Tables 

Suppose that tables of the Almagest (or Handy Tables) type are available, 
and it is desired to calculate the true longitude of a particular planet at a given 
instant, The result will be 


A=2+8, 
the algebraic sum of the mean longitude and the “equation”, where 


2 0, 
( Bee) + a) taf 20 


and y'=y+e{s), æ—x—c'ia). 
The functions denoted by cs are given by columns of entries in the equation 
tables, the subscripts indicating the order in which the columns appear. The 
notation used here has been slightly modified from that adopted in [13]. 
pp- 191-207. For a complete exposition of the underlying theory and practise, 
the reader is referred to [14], pp. 145-189. 

The variables +, x (the “center”, the mean longitude measured from apogec), 
and y (the argument of the epicyclic anomaly) are linear functions of time. For 
the instant in question each can be caleulated by adding appropriate entries 
from the mean motion tables in the set at hand. 

The e functions, on the other hand, are basically trigonometrie, heuce 
periodie, and their combination to form 3 is tedious and involved, demanding 
interpolation and a proper choice of signs. An individual who wishes to compute 
a set of planctary positions on successive noons at, say, ten-day intervals, 
must repeat the entire process from scratch for each individual noon. 

These difficulties are obviated for the user of the Ibn al-Majdi tables by 
exploiting the following facts. For each planet a large period can be found 
consisting of an integer number of days which measures, with considerable 
accuracy, an integer number of the planet's anomalistie periods. Choose a 
day on which the anomalistic argument, y, is small, Then consider the set 
of days separated from the chosen one by integer multiples of the big period. 
These are indicated schematically on Figure 1 by asterisks. On each of these 
days also + will be small, by virtue of the existence of the period. 

Subdivide the large period into smaller intervals marked by the set of noons, 
in the twenty-four hours preceding each of which y shall have passed through 
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matics. Most of these are short treatises on instruments, in particular, quad- 
rants and sundials, the best known of which was a treatise on the almucantar 
quadrant in ten sections. His mathematical works include a commentary on 
the arithmetieal work called al-Talkhis by the earlier Moroccan scholar Ibn 
al-Bannë” and a treatise Kashf al-haqgd’ig on sexagesimal arithmetie, More 
substantial works are his treatises entitled Ghunyat al-fahim and al-Jämi® 
al-mufid; these have never been studied in modern times. The most interesting 
of his known astronomieal works is his planetary tables entitled al-Durr al- 
yatim, “The Unique Pearl”. These form the subject of the present paper. 

Considerable confusion obscures our understanding of Ibn al-Majdis 
contribution to these tables. The manuseript sources do not explicitly state 
the authorship of a corpus of tables for the sun, moon, and planets, based 
one the method of al-Durr al-yatim, but we have the distinct impression that 
Ibn al-Majdi himself was responsible only for the tables for the sun and moon, 
He laid down the numerical bases for calculating similar tables for the planets, 
but, as we shall show, such tables were compiled by later astronomers. 

Ibn al-Majdi's solar and lunar tables and the planetary tables which were 
devised along the same lines are not the standard Ptolemaie variety displaying 
mean motions and equations (on which see [6]. pp. 141-142), nor the specñcally 
Islamic development of these in the form of hab/ag equation tables in which 
oue enters arguments that can be derived directly from the mean motion tables 
(see [11], pp. 130-131). Rather Ibn al-Majdi's tables are auxiliary tables for 
compiling ephemerides, that is, tables displaying solar, lunar, and planetary 
positions for each day of the year. As remarked above, the only known earlier 
example of such auxiliary tables is [7]. which probably originated in twelfth 
century fran. We suspect, but cannot prove, the existence of a continuous 
tradition of this category of tables reaching into fiftéenth century Egypt. What 
is more certain is that Ibn al-Majdïs tables were used extensively in Egypt 
until the nineteenth century. 

Section 2 below describes the principle which is common 10 this particular 
technique for all the planets, and for the moon. The sueceeding three sections 
deal in detail with the three categories of tables needed 10 apply the technique 
10 the planets. À table is presented comparing spot entries from the tables with 
results obtained by standard Ptolemaic computations. The lunar tables having 
previously been described in detail (in [7]), Section 6 suffices for the moon. 
Here also spot checks are presented. 

A of the tables contain columns for determining the day of the week (Ar. 
madkhal, Lat. signum) for which a longitude is being calculated. We omit all 
discussion of these as being irrelevant to the main topic. 

The solar model is essentially simpler than those of the moon and the planets 
Hence the tables used by Ibn al-Majdi and his followers for caleulating runs 
of solar longtitudes are constructed differently from those for the planete. 


Ibn al-Majdÿs Tables for Calculating Ephemerides 


Davin A. Kinc* & E.S. Kexneny** 


1. Introduction 


This study describes a category of late medievel astronomical tables hith- 
erto neglected by historians of science. These tables, however, were preceded 
by a group of related works applied to the sun and moon only, which has 
received attention in the literature, in item [7] in the bibliography which 
follows this paper. The anonymous originator of the lunar tables of [7] made 
use of an ancient Babylonian period relation 10 work out a technique for ob- 
taining quickly a set of true longitudes of the moon. Presumably the Junar 
tables were known to the later Egyptian astronomer Ibn al-Majdi, who seems 
10 have applied the same basic notion to the caleulation of planetary positions 
also. The resulting corpus of manuscripts provides still another example of 
how the scientists of medieval Islam continually sought, without tampering 
with the underlying Ptolemaic abstract models, to ease the computations of 
the practising astronomer-astrologer. The general trend is amply illustrated 
in such papers as [10], 17}, (5}, [1L}, and [15]. 

Shihäb al-Din Abu'l-CAbbäs Ahmad b. Rajab b. Tibughä, knowu as Ibn 
al-Majdi, was the leading astronomer of Cairo in the early fifteenth century 
(see [16], no. 432; [2], IL, pp. 158-159 and SIT, pp. 158-159; and [1], pp. 
179-184). He was born in 767/1365 and died in 850/1447, and according to 
his biographers, excelled in Islamic law, inheritance theory, and the Arabic 
language, as well as in arithmetic, geometry, astronomy, and timekeeping. 
He belonged to the generation of astronomers following that of Ibn al-Shätir 
and al-Khalili of Damascus (on whom see the articles in [3]) and preceding 
that of Ibn Abÿl-Fath al-Süfi and Sibt al-Märidini of Cairo (on whom see (16], 
nos. 445 and 447), so that he and a few less well-known contemporaries repre- 
sent the end of serious and productive activity in astronomy in medieval 
Egypt. 

Ibn al-Majdi compiled over thirty works relating to astronomy and mathe- 
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ideren Breiteu eines dazuzuaddieren. Tibbets erwähnt dies zwar,"* er folgt 

seinen Kartenrekonstruktionen jedoch der Vorstellung von 8 = 0 = 51 
 Farqadän. 

Die Diskussion der Ürter und eine damit verbundene Karteninterpre- 
tion kann auch gelegentlich zur besseren Identifizierung von Ürtern in den 
assischen arabischen geographischen Texten beitragen.® 

SchlieBlich kann dies môglicherweise auch zu einem besseren Verständ- 
sunklarer Stellen in den Nautikertexten selbst führen. 


68. Ibid., 333. 

49.2. B.j, Vel. von BGA VI, 64 (S. 43 d, Ühers,), wo der indische Ort Gb erwäbnt st, mit Tibbets, 
5,463, 466 (Side) u. der Teilkarte “Southern India®* in Ergänzung resp. Korrektur von: 8, Magbuil 
mad, India and the Neighbouring Territories in 1he Kitäb Nuxhat al-Mushtäq fKhtiräg al'Afäg, 
29,32, 88, 62, 104,105, 114-115, 161, (Leïden, 1960); und: H. Daunicht, Der Osten nach der Erdkarte 
“Khuwérismis, Band I, (Bonner Orientalistische Studien, Bd. 19), (Bonn, 1968), 8. 402 #. 
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nicht kongruent sind, kënnen letztere - wie bei Tibbets — angedeutet so wie- 
dergegeben werden, wie sie der Wirklichkeit entsprechen. 


IV. Dre DiskussION DER ZAHLENANGABEN DER TEXTE 


Diese Werte entsprechen niemals vüllig der Wirklichkeit. Die Hauptursachen 
dieser Unstimmigkeiten waren: 

(1) Nadelabweichung 

(2) Deviation des KompaB 

(3) Abdrift durch Wind und /oder Strémung bzw. Seegang 

(4) Refraktion 

(5) Hôhenmessungen von der Kimm, nicht vom Horizont aus 

(6) Fehler bei der Herstellung der Instramente zur Hôbenmessung 

(1) tirfa* als ein sich im Laufe der Jahrzehnte - wenn nicht Jahrhunderte - 
allmäblich herauskristallisierender Durchechnittswert, der nur ungefähr 
einem isba* entsprechen konnte 

(8) Sehr wabrscheinlich nur Berücksichtigung des Standorts, den man 
vor Kurswechsel zum Einlaufen in den Hafen bzw. vor Kursnahme nach Aus- 
laufen aus dem Hafen hatte. 

(9) Unmôglichkeit der arabischen Nautik, aus zwei oder mebreren Kop- 
pelkursen exakt den direkten Kurs nebst Fahrtstrecke zu bestimmen. 

AuBerdem widersprechen sich die Texte oftmals in ihren Angaben oder 
bringen wahlweise verschiedene Kurse nebeneinander. 

Die Zahlenangahen müssen daher Punkt für Punkt vor der Zeichnung 
durchdiskutiert werden — dies unterläBt Tibbets meist. Bei einander wider- 
sprechendèn Angaben kann diejenige ausgewählt werden, die am wenigsten 
den Angaben zu den benachbarten Positionen widerspricht. Zu beachten ist 
auch, daB die Texte zum Teil Angaben enthalten. die um 1244 noch nicht 
bekannt sein konnten und daB daher hier und da eine ç-Bestimmung mit 
224/2 erforderlich sein kann. Die gewonnenen Werte lassen sich jedoch ohne 
Mühe durch Anderung um 1 J in das Kartenbild einfügen. Wo sich Angaben 
finden, die sich nicht auf die drei zur Messung verwendeten Grundkonstella- 
tionen, sondern auf andere Sterne bezichen, müssen diese in Werte für die 
Grundkonstellationen umgerechnet werden, falls dies nicht schon in den 
Texten vorgenommen wurde. 


D. Schlussbemerkung 


Mit der fertiggestellten Karte erhalten wir zwar ein Bild des Indischen Ozeans, 
dus die arabische Nautik um 124 batte. Um eine Vorstellung für Ibn Mäjids 
und Sulaimän al-Mabris Zeit zu erhalten, genügt es jedoch, den Âquator auf 
5 1 der Fargadän anstatt auf 4 1 zu setzen und entsprechend zu den I der 
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Abb. 8: Ermittlung des gesuchten Orts Os 
béihekannten Kurs, gegebenen Ausgangsort D, und bekannter @, des gesuchten Orts 


Länge der Strecke s in Graden bei bekannter ?, des Ausgangepunk- 
tes und bekanntem Kurs x ist:" 


2 
cos x 


s 


Die gesuchte Breite ç, = s-cos x + ,. Dabei ist zu berücksichtigen, ob 
die g — n nôrdlich oder südlich des Âquators liegen (Vorzeichenänderung!). - 
Die gefundene y, wird als Geradenstück eingezeichnet, dann vom Ausgangsort 
aus mit Hilfe eines Kursdreiecks die Strecke. Wo letstere die @,-Linie schnei- 
det, liegt der gesuchte Ort. Die Eintragung der #;-Linie erübrigt sich, wenn 
clio Landmarke gemckt Î, derea @ beseits bekwmntist.… Bei plelchbleibender 
# muB der in Grade umgewandelte säm-Wert durch den cos der  dividiert 
werden, da sich mit fortschreitender Entfernung vom Âquator zwar nicht die 
Strecke an sich, wobl aber ihre Angabe in Graden ändert. 

Wo die Kurslinien mit den Küstenlinien nur sebr grob oder überhaupt 


66. F. Reinhardt; Heinrich Soeder, duv-Adas zur Mathematik, Band 1, (München, 1974), S. 186. 
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1 J 68303569 0,119497 
1J=8F 64285712 0.112436 
4 F 0,8035714 0,0140213 
4 F 04017857 0.070153 
aF + 0,0 0,0 
BF 04017857 00070153 
BF — 08035714 00140213 
FUN —_set428t 0,0842403 
L2N 52232141 00912931 
in 24107142 0433742 
=1Ne — 36,964284 0,695105 


IL. Die UNRECHNUNG DER GESPGELTEN STREGKEN UND DIE EANTRAGUNG Der 
Ürrer aur per Kate (s. Abb. 8) 


Die in säm angogehenen Strecken sind in Grade umzurechnen. Ferrand® 
rechnet 1 1 (— 1 tirfé” — 8 süm) — 1037/, Tibbete® 1 J — 1636. Der crste 
Wert ist um 34,28592 zu hoch, der zweite um 25,71408' zu niedrig. Dies 
mag für kurze Distanzen belanglos sein. Bei der Umrechnung grôBerer sêm- 
Werté — insbesondere für Transozeanfahrten®* — kônnen sich die Differeux- 
beträge jedoch beträchtlich aufsummieren. Dies ergibt ein verzerrtes Bild 
von den Vorstellungen der Nautiker. Die Umrechnnngen sind daher auf so 
viele Stellen hinter dem Komma vorzunehmen, wie es nach dem KartenmaBstab 
erforderlich ist. + Bei Kurswechsel auf hober See kann die Position folgen- 
dermaBen gefunden werden: 

** Ras Bünas Farans (= Cabo da Boa Esperança; Tibbets 431). 

63. Ferrand 111, 153, 


64. Tibbets, 314. 
65. Ibid., 359; EI? 1V,576. 
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analytisch ausgewertet: 
Y = Intan (45° + & ). 


(8. Abb. 7): Beginnend mit 1 1, werden die Überhühungen errechnet und dann 
die Parallelkreise und Meridiane auf der Karte eingetragen, nachdem man 
mittels Durchmultiplizieren oder Durchdividieren der Werte mit einer Kon- 
stanten einen zur Zeichnung günstigen Maëstab gefunden hat. - Intervalle 
von 1/4 I künnen am Kartenrand angedeutet werden. - Zu bemerken ist hier, 
daB Tibbets Rekonstruktionen - wie man sich sofort durch Nachmessen über- 
zeugen kann + auf dem Netzentwurf entweder einer rechteckigen oder einer 
quadratischen Plattkarte basieren. Darum sind die auf seinen rekonstruierten 
Einxelkarten gezogenen Linien keine Kursgleichen, und die Entwürfe künnen 
auch nicht winkeltreu sein. Sie geben somit ein verzerrtes Bild von den Vor 
stellungen der Nautiker wieder. 


IL. De Uvrecanunc Der Hünex 


Man beginnt zweckmäBigerweise im Norden und Westen und setzt dann 
nach Süden und Osten hin fort. Wegen der grofen Materialfülle empfichlt 
ës sich, aunächst — wie dies anch Tibbets getan hat - Teilkarten des Roten 
Meeres, des Golfs von Aden, des Golfs von Oman, der Arabischen Sec usw. 
suzalegen und diese dann zum Schlu8 in einer Übersichtskarte usammenzu- 
fassen. Eine grobe Hilfe ist dabei die Tatsacbe, daf die Texte gelegentlich 
auch Strecken über Land bei gleichbleibender + in zäm angeben.®* Zur raschen 
Ermittlang der Breiten auf der Karte kann man sich auBerdem eine Tabelle 
der L- Werte und ihrer Se se: 


Jäh-Hôhen: @ = ES (143) 


Furgodôn-Häen: & = 554 360 (1—4) 


NaSsh-Héhen: g = A (1 — 16). — Beispiel: 


isbat Grade Überhähungen 
174 J°  32,946427 0,609613 


62. BEO, 24 (1971), 281. 
* Bäb-i Sin (Tibbets 489). 
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daB der Wert 5’ v. «UMi = 3 I nicht (mehr) stimmen konnte und die Zahl 
2 1 für 5* besser paBite. Bei den Breitenangaben selbst handelt es sich jedoch 
meist um altüberlieferte Zublen aus der bereits bestiminten Zeit um 1244, 
die in die Nautikertexte des Ibn Mäjid und des Sulaimän al-Mahri eingegangen 
sind, - Eine weitere Überprüfung von 15 Ürtern der afrikanischen Ostküste® 
bestätigte erneut die Stimmigkeit des a)-Wertes; z. B. sagt Ibn Mäjid ausdrück- 
lich,® daB man sich dann auf dem Âquator befindet, wenn die Héhengleiche 
ve Br UMi 5 Lbeträgt. Die h v. Brava (31) hat diesen Wert: der Ort hat 
nach 210/2 und 224/2 @ — 0°, nach 224/3 g — 1°36,428; die wirkliche 
g = 1002" 


5. Ergebnisse 
Wir haben folgende Zablen zur Kartenzeichnung bestimmt: 

11 = 1 tirfa — 8 sûm — 1,60714289 — 103625,71408" bei ciner Poldistanz 
v. aUMi von 3 I. Die ständig als zu hoch ermittelten Breitenangaben dicses 
Wertes beruhen — wio wir jetzt endgültig feststellen künnen — mit Sicherheit 
auf der unterlassenen Korrektur der Refraktion und der Kimntiefe, 


€. Die Zeichnung der Karte 


L Der NETZENTWURT 


Nachdem die Werte der Kurse, der Hühen und der Strecken zur See érmittelt 
sind, kann man mit dem Netzentwurf beginnen. Es ist zweckmäBigerweise 
eine Projektionsart zu wäblen, die winkeltreu ist, d.h. die die Richtungen der 
VWindrose unverzerrt wiedergibt und die auferdem die Kursgleichen (Loxo- 
dromen) als gerade Linien abbildet. Die einzige Projektion, die beide Bedin- 
gungen erfüllt. ist die Mercatorkarte, “die” Seekarte schlechthin.® 

Durchfübrung: Als Argumentintervall dürfte 1 1 bzw. 1 tirfd” am passendsten 
sein. Dieser Wert wird in Grade umgerechnet; s. 0. Die Abstände der senkrecht 
auf dem Âquator parallel sueinander stehenden Meridiane sind dann jeweils: 

are L'tirfa = are 1,6071428°. 

Um die Winkeltreue zu erhalten, müssen durch Ordinaten- (Breiten-) 
äberhëhung die Parallelkreisabstände y in dem selben AusmaB gedehnt 
Werden, wie sie in Wirklichkeit zum Pol hin abnehmen, d. h. in der umgekehr. 
ten Cosinus-Funktion der geographischen Breite. Dazu wird das Mercator- 
Integral 


57, Ibid, 429-425, 428. 

58. Ibid, 219 (Fowd'id-Ubers.). 

59, Ibid. 428. 

60. Knaurs Gro fer Weltailas, Hauptregister. 

61. G. Jensch. Die Erde und ihre Darstellung im Kartenbild (Braunschweïg, 1970), S, 78-42. 
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Nr. | Name lisba® 294,3 | 22472 | 2102 « (frs 
29 | ss 1 104 | 2200589 | 20029,46" |21051,42° | 21023 | 210/: 
30 10 à | 220589 | 2029 6 21051,42° | (21°20,7/] 210/£ 
31 94 | 20005,35' |16028,02: | 19042,85/ 20010" | 24/3 
3la 9 |19017,14 | 17040,71 | 18051,42’ | 20010 | 24/3 
32 | 9 41 20005,35" | 18028,92" | 19042,85' | [190507 | 210/2 
32a | | 9 |19e17,14 | 1740,71° | 18051,42° | [196501 | 24/3 
33 | 94 | 19041,24 | 18004,82’ | 1917,14: | 19058’ | 224/3 
34 84 | 18°28,92’ | 1605249’ | 18°00,00’ | 18038 | 224/3 
34a | 84 | 18004,82 | 16028,39" | 1734,28: | 18038: | 224/3 
35 | 73 | 17016,60" | 15040,17: | 16°42,85° | 17043 | 224/3 
36 T4 | 1695249 | 1516,07° | 161714: | 16056 | 24/3 
37 7 | 16004,28" | 14°27,85' | 15025,71' | 15044 | 210/2 
38 63 | 15°40,17: | 14003,74" | 1500000" | 15°35* | 224/3 
39 63 | 15016,07 | 13039,64: | 1403428 | 15000 | 24/3 
40 | 63 | 15016,07' | 13039,64' | 1403428’! 14054 | 210/2 
41 64 | 15016,07' | 13030,64° | 1403428: | 14050° | 210/2 
42 53 | 13039,64' | 12003,21' | 12951,42' | 13046 224,3 
43 = 54 | 13015,53" | 11639,10' | 12625 13020" | 224/3 


Das Ergebnis überrascht: Von den (nebst Varianten) insgesamt 53 Posi- 

tionen liefern die Werte 

a) 8° — 31 bei 360° — 2241 für 40 Ürter 

b) 5° — 21 bei 36( 

€) 5" = 21 bei 360 
die jeweils besten Breitenangaben. - Für einen weiteren Ort sind 224/3 und 
210/2 zugleich am besten passend. Sicherlich ist es kein Zufall, daB bei den 
weitaus meisten Ürtern der Wert a) die besten Ergebnisse, c) die schlechtesten 
liefert. 


Diskussion : 

(1) Der Wert c), der bereits durch die Terminbestimmung als unbrauchbar 
erkannt wurde, kann zunächst beiseite gelegt werden. 

(2) Der Wert b) konnte sich auf die Breitenangaben in den noch vorhan- 
denen Nautikertexten aus chronologischen Gründen nicht niedergeschlagen 
haben; daB er für einige Positionen bessere Zahlen als der a)-Wert hat, ist 
mit Sicherhcit rein zufällig. Bei diesem Wert handelt es sich - dies betont 
auch Tibbets!® — um eine rein theoretische Uberlegung. 

(3) Der Wert a) bringt die besten Resultate. Die arabische Nautik des 
späten 15. und des frühen 16. Jahrhunderts war sich zwar der Tatsache bewuft, 


56. Tibbets, 315. 
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Eine tabellarische Übersieht®® 


folgendes Bild: 


Mr. bat, 24/3 | 24/2 | 2107 e ce 
I 3e [134126083107 | 24054,64 | 26034,28 | 270057 | 210/2 
2 | peus |is |2542,85 2400642 |25042,85" | 262 31e 
3 je |124 | 24054,64 | 23018,21' |24051,42’ | 24023: | 210/2 
4 an | 11 |22029,99° | 20053,57: |22017,14: | 22040: | 224/3 
5 | sul, | 44112027,32 | 10050,80° | 1103428: | 12638 | 224/3 
6 du | 5 |12051,42 | 11014,99: |11059,90" | 12050 | 224/3 
7 opt | 54] 13015,53 | 139,10 |12625,71" | 13033: | 224/3 
3 ta | 54|14003,74 | 12027,32: |13017,14: | 14624 | 22473 
9 54 | 14003,7%4" | 12027,32" | 13017,14° | 14034: | 22473 
10 6 | 1402785" | 1205142 | 13042,85 | [14051] | 224/3 
un | 64 | 14051,96' | 13015,53° | 14008,57° | [15010] | 24/3 
2 | 64! 15016,07 | 1339,64 |14034,28: | 15038: | 224/3 
13 63/15040,17 | 14003,74" | 14959,90* | [165327 | 224/3 
4 7 | 16004,28" | 14°27,85" |15025,71: | 16045 | 24/3 
15 T4 | 16628,39 | 14051,96: | 15e51,42 | 1702 | 224/3 
16 T4 | 16°28,39 | 14051,96' 15051.42° | 16058 | 24/3 
17 74 | 1701660" | 15006,69° | 16907,14: | 1712* | 224/3 
18 74 |1716,60 | 15°06,69° | 16o07.14 | 1725* | 224/3 
19 8 |1740,71° | 16°04,28 |17°08,57 | 18608 | 24/3 
20 | 83 | 18053,03 | 1716,60° |18°25,71' | 19000 | 224/3 
20a 9 |19617,14" | 17040,71: |18051,42 | 19600 | 210/3 
a | | 94 | 19041,24° | 18904,82" |19017,14° | [190507] | 224/3 
2 | 94 | 20005,35' | 1828,92' | 1904285 | 20010 | 224/3 
23 94 | 1941.24 | 1804,82' | 19017,14° | [20010/?]| 224/3 
23a 94 | 20029,46° | 18°53,03° | 20008,57: | [20e10°7]| 210/2 
» | | 94 | 20005,35/ | 1828,92’ |19042,85/ | 20039 | 24/3 
24a 110 | 20053,57 | 19617,14' |20°34,28" | 20039" | 2102 
25 |10 |20°53,57' | 19017,14' |20034,28" | 21039 | 224/3 
25a 104 | 21041,78: | 20605,35- |21025,71 | 21030 | 24/3 
26 1104 | 21017,67 | 19041,24 |21000,00° | 22012’ | 224/3 
26a 104 | 22°05,89 | 20029,46" | 21051,42" | 22012 | 224/3 
27 {10 4) 21041,78" | 20005,35: | 21025,71' | 22031: 

Ya 11 |22030,00 | 20653,57/ |22017,14' | 22631 

28 11 | 22030,00 | 20053,57: | 217,14 | 219307 

284 10 | 20°53,57° | 19017,14' | 20°34,28" | 21030 


55. Zablen aus Tibbets, 399-404, 409-10, 413, 419-421, 442-444, 446-447: Echtwerte ax 
Gro que Weltailas, 2. Auflage, (München-Zürich, 1972), Tafel 33 und Hauptregister, Es sind di jenigen 


Ürter aufgeführe, die sich entweder eindeutig oder mit für eine Breitengegenüberstellung hinreichender 
Genauigkeit identifisieren lieBeu: letetere in 
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Es ist aber festzustellen, daB die Hôhendifferenzen (Ah-Werte 2w. B,yUMi 
und <,{UMa) - wiederum besonders bei 360° — 224 I — noch falscher sind, 
als dies bei denjenigen von Ah 2w. & u. 6,yUMi der Fall war. AuBerdem mu 
darauf hingewiesen werden, daB 5,{UMa in Bezug auf und in Ablôsung der 
Meseung mittels 8,yUMi wesentlich gecigneter zur Breitenbestimmung gewe- 
sen wäre als e,QUMa, da letztere 20® 37,4598*, erstere jedoch bereits 5" 
5,49954 nach den Fargadän hôhengleich werden. 

Faxit: Aus den ermittelten Jahreszahlen und den tatsächlichen Ah-Werten 
ergibt sich folgendes: 

a) Hinsichtlich der Termine kann der Wert 3! v. «UMi 2 I bei 3600 — 
224 T ausgeklammert werden; die beiden anderen Werte sind stimmig. 

b) Bei den Hühendifferenzen ist der Wert 360° — 210 7 zumindest weniger 
falsch als derjenige von 3600 — 224 1. Die Ursache dieser Unstimmigkeiteu 
künnte môglicherweise auf einer Überschätzung der Werte für die Refraktion 
beruhen, die bedingt, daB ein Gestirn hëher über dem Horizont zu stehen 
scheint, als dies tatsächlich der Fall ist.‘ 

Nach Zeitpunkt und Differenz zur Wirklichkeït scheint der Wert 3’ v. 
aUMi — 2 I bei 360° = 210 1 am besten zu passen. Es ist jedoch zu bedenken, 
daB das K. tuhfat al-fuhäl, in dem diese Zahlenangabe stebt, ein Alterswerk 
Sulaimän al-Mahris war. Dies bedentet, daB diese Zahlen in seinen früberen 
Werken und in denjenigen von Ibn Mäjid auf anderen Mefdaten beruhen 
muften. 


4. Vergleiche swischen den angegebenen und den tatséchlichen Orisbreiten 
Zu éiner generellen Klärung der Sachlage sollen daher die auf die Arabische 
Halbinsel bezüglichen Breitenangaben der Nautikertexte — also von Gegenden, 
die am besten bekaunt waren - für die Werte 


3 Lbei 3600 — 224 7 
2 I bei 3600 — 210 1 
c) 8’ = 21 bi 360 — 224 1 


in Grade umgerechnet und den wirklichen Breiten gegenübergestellt werden. 
Die Umrechnung erfolgt nach den Formeln® 


360 
au a) po = 553 ( + 3) 


360 
au b) go = QUI + 2) 


360 
PS 
au c) go = 254 (1 + 2). 

58. dty-Ailos, 87-38. Die Refraktion blieb eines der uagelôsten Probleme der antiken und mittelal: 
tedich-arabischen Astronomie, auch wenn es nicht an Versuchen gefehle hat, sie durch komplisierte 
Berechnungen zu umgehen, vs. C. Schoy, “Abbandiung des Hasan ben al-Husain ben al-Haitham 
über die Methode, die Polhäbe mit grüliter Genauigkeit su bestimmen"", Overgedrukt ait ‘Zee No. 
10, jaargang 1920, 1, 21-25. 

54. Es sind nur die 1 von ŒUMi erforderlich. 
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die Sterne von - Sunbula (= 15,7,23 Com)* 
Zu diesem Zeitpunkt tritt «UMi “in Bälde” 
Kulmination.‘* 


Abgeschen davon, daB es schwierig sein dürfte, aus den Sternkonstellatio- 
nen B,msv(8), eVir und 15,7,23 Com den jeweiligen zur Messung tatsächlich 
verwendeten Einzelstern zu eruieren, bleibt folgendes festzubalten: 

a) Die Tatsache, daB «UMi bei h-Gleiche v. 6,yUMi noch nicht im Meri- 
dian stand, war Ibn Mäjid bekannt. 

b) Für praktische Zwecke konnte man diese Tatsache nnberücksichtigt 
lassen, da die Differenz zwischen der tatsächlichen und der angenommenen 
Hôhe v. «UMi zu den uns interessierenden Zeiten verschwindend klein war; 
sie betrug z. B. für das Jahr 1495,2 nur 2,30904° (s. oben). 

€) Das K, al-Fawä'id, in dem die 0.g. Hinweise enthalten sind, bringt 
an einer Stelle" eine Begebenheit aus einer Secreise mit dem Verfasser als 
Teilnehmer nebst Datum 480 H (— 1485 n. Chr.). Als Datum für + v. «UMi — 
0 bei k-Gleiche der Fargadän haben wir = 1436,75 ermittelt. Das Wissen Ibn 
Mäjids nm die o.g. Position v. «UMi läBt sich mit den Daten also voll in Ein- 
klang bringeu, den wir hatten festgestellt, daf + v. «UMi im Jahre 1495,2 
1,111724° betrug und dieser Stern somit noch nicht im Meridian steht. 

Offen bleibt jedoch, warum die Ak-Werte zw. aUMi und 8,y so auffallend 
falsch sind. Dies gilt zudem besonders für den von Ibn Mäjid vertretenen Wert 
3600 — 224 I. 


Meridian_stchenA 
basis) in seine untere 


Zu Fall 2: Wir hattèn bereits ermittelt, daB nur jeweils zwei Sterne von UMa 
sur Hôbenmessung verwendet werden konnten, und zwar entweder à und 
€oder e und &. Glücklicherweise führen uns die Texte selbst aus dem Dilemma 
heraus: Sie erwähnen ausdrücklich,® daB die Sterne - “Anäq (— YUMa!i) 
und -Jün (od. -Jawn; = eUMa“), der fünfte und sechste des Grofen Büren, 
zu Hühenmessungen verwendet wurden, und nicht — wie Tibbets meint — auch 
noch 3UMa. 


46, Kunitasch, 108 (Nr. 275), 65 (Nr. 1172). Tibbets, 549, (“nebulous area between fLeonis and 
EVirginis"") ist irrig; die Übersetzung des Fawd'id- Textes (Ferrand 1, 15v)auf $. 96ist nicht gaz 
Lorrekt. Tibbets fibersetzt die betr. Passage “fa -hädhihi Larba°a fi nasag wdkid al-Q'id wal-Fu'äd ous 
Sunbula oa-Sarfa*" ungenau ‘These four stars... are set in a regular patter."” Identifisiert man 
die drei Sterne -Qa'id, - Fu’äd und -Sarfà mit 7 UMa (Kunitzsch 91 (Nr. 213)), &CVn (Tibbets, The 
Star-nomenclature of the Arab navigators and the ‘Untersuchungen of P. Kunitzsch*, Der Islam, 
40 (1965), 190 (Nr. 18) und PLeo, und überseust richtig: “Diese vier [Sterne] stehen in einer Linie" 
ergibt sich sofort der exakte Sachverhalt, denn die drei zuletrt genannten Sterne stéhen für den 
Betrachter des Himunels mit den Sternen 7 und 15 v. Com tatsächlich in einer Linie (s. Schurig-Gôte, 
Himmelsailos (Tabula caelestes), brsg. v. K. Schaifers, (Manabeim, 1960), Taf. II, IV), 

AT. Tibbets, 219, 220. 

48. Ferraud, I, 15y; Tibbets, 96. 49. Tibbets, 259, 

50. Ibid, 96, 134 (Fanea"id-bers.); Ferrand IT, 29v:15-30r:1 (Sul. al Mahr3). 

51. Kunitzsch, 43 (Nr. 33). 52, Ibid., 62 (Nr. 109). 
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Es ergibt sich (+ v. BUMi — 41,8°: vgl. oben): 


a) e+8 43,6388° 
b) 3+t 40,5236° 
n] e +6 36,6298°. 


Der Wert von a) ist grüfler; er kann ausgeklammert werden, Die jeweiligen 
Differenzen zwischen den Sammen b) und e) und + v. BUMi sin 
A+ 4, BUMi1,27640 — 1016/35,04° = 5® 5,49954 
Ae + &, BUMi 5,1702e = 5010/12,72" — 20= 37,4598* 

Zur näheren Untersuchung sind nur diese beiden letzten Werte erforderlich. 
Nach den Texten ist die h-Differenz zwischen den hôhengleichen Fargadän 
und zwei ebenfalls hébengleichen Ma‘sh-Sternen 12 I. Rechnet man die 12 J 
in Grade um, ergibt sich: 
2) A bei k-Gleiche v. 3,{UMa (Echtwert 21,20320):% 
3600 — 224 I : 19,2857130 
3600 — 210 1 : 20,5714280. 
Die Differenzen zum Echtwert sind: 
3609 — 224 I : 1,917487° 
360° — 210 J : 0,681772 
ï) Ah beï k-Gleiche v. &, LUMa (Echtwert 21,97880):% 
Umgérechnete Zablen s. bei 4); die Differenzen sind: 
360° — 224 I : 2,693087° 
360° — 210 1 : 1,407372°. 


Diskussion: 


Zu Fall 1: Nach Tibbets Übersetzung von Ibn Mäjids Werk Al. Fanoë'id fi 

usül Silm al-bahr wal-quwëid (Seite 65 bis 268 des Buches “Arab Navigation”) 

sowie dem angefügten Kommentar (s. bes. die T'afel S. 334) ergibt sich folgendes: 

= Bei + v. aUMi — 0 (unt. Kulmin.) soll -Sarfa (— 8Leo*) in der oberen 

Kulmination stehen.“ Dies jst jedach nur ein Grobwert, der der Einfach- 

heit halher verwendet wurde.# In Wirklichkcit tritt nach dem Farod'id® 

der Wert + — 0 erst bei der oberen Kulmination von - “Awwa (— 8, 
v8)e Vir®) nnd von -Simäk (= a Vir“) ein, 

=: Bei + = 0 sollen auBerdem B,yUMi hôhengleich sein.# Dies ist ebenfalls 

nur ein Näherungswert, denn Héhengleiche von B,yUMi tritt ein, wenn 


48. Aus den Echtwerten ermittelt, 

39. P. Kunitsch, Untersuchungen sur Sternnemenklatur der Araber (Wicsbaden, 1961), S. 10 
Nr: 279). 

40. Tibbets, 174,182. 41. Ibid., 97, 12. Ibid, 190, 

43, Kunitesch, 45 (Nr. 44). 44. Ibid. 105 (Nr. 269). 45. Tibbets, 97. 
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1244,21 — 2,982196° bzw. 357,01781° Pol 
1495,2 1,1117240 
1534,2 1,9598949. 

Es ist ersichtlich, daB im Laufe der Jahr- 
hunderte «UMi bei Hôheugleiche von 8,7UMi 
nur zu einem ganz bestimmten Zeitpunkt ei- 
nen + von 00 haben konnte. Ar,æ v. «UMi 
des Âquinoctiums des Jahres 2000 ist zu- 
glich die Rektaszension dieses Sterns zum 
gesuchten Zeitpunkt. Mit Hilfe der og. 
Formel und versuchsweise eingesetzter À x — 
und p-Werte findet man einen Zeitpunkt 
æwischen den Terminen 1436,5 und 1437. 

Mit Hilfe der Formel sin h — sin 8': sin 
(900— +) = sin 8°: cos + ermitteln wir die 
jeweilige - negative —h v. aUMi zu den drei 
og. Terminen: 


124,21 4814880 
1495,2 3427930 
1534,2 3,21240. 


Diese Werte werden von den angenommenen 
Hëhen der Nautikertexte — sie sind zugleich 
$°-subtrahiert; wir erhalten die von der Wirk- 
lichkeit abweïchenden Ansichten der Nautiker:  Abb, 6: & und +ù «UM 


124421 0400654894 — 23,57424 mésslide Ps FR 
14952 0,00064140 2,30904 Re 
154,2 0,00188560 —  6,78816". a 


Fall 2: 

DaB die drei Sterne 3,e.{UMa zu irgendeinem Zeitpunkt hähengleich sein 
sollen, wie Tibbets behauptet, ist wegen ihrer Positionen am Himmel zu keinem 
Zeitpunkt môglich. Damit zwei dieser Gruppe “kurz nach” dem Eintritt der 


Hôhengleiche von £,7UMi ebenfalls hôhengleich sind. ist folgende Bedingung 
exforderlich: 


Die Summe aus 


a) + des Sterns mit geringerer & als der Nachbarstern plus 
b) Axbzw. Aa dieser beiden Sterne plus 
c) Aa zw. dem Stern mit der grôBeren « und BUMi 

mu8 kleiner sein®? als + v. SUMi bei Hôhengleiche mit +UMi . 


37. $. dazu die bereits errechneten Echtwerte. 
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Abb. 5: & ond TV: AUMi bei b-Gleiche v. B,Y UMi für das Acquinacigm 2000 
$0 = à v+auMi $30 = + v-aUMi 


= au,7 vauMi PS, — PS; — PO = D'v.aUmi 
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Für den Spezialfall g — 0 (Beobachtungsort auf dem Âquator) vereinfucht 
sich die Formel zu sin à — cos + + cos 3. - Für zwei héhengleiche Sterne ist 
sin 4, = sin h, = 008 +, - cos à, = cos (+, + Asia) -cos 8. 
Diese Gleichung läBt sich näherungsweise mit genügender Genauigkeit lüsen. 
Es ergaben sich für das Aquinoctium 2000 folgende Werte: 
() ByUMi T4 (5 — 418 + 74625) 
(2) 5,eUMa  32,8377° 4,7763° + 9,650) 
(3) S.UMa 329510 1,66119 + 17,125°) 
(4) =tUMa 33,726 741730 + 7,4750) 
a von a UMi- (x von BUMi-180° — + von BUMi) — 36,8833360 — + von aUMi 
bei Hühengleiche von 6,7UMi für das Âquinoctium 2000. - À 5,2 von aUMi — 
0,9208360. 
Die Hôbe «UMi zu diesem Zeitpunkt ergibt sich aus 
a) sin h — sin (900 — 3) : sin (900 — +) — cos à: cos + 
b) h = 0,5998970 (unter dem Horizont: s. Abb, 5). 


Fall 1: 
Ahzw. 4 UMi und den h-gleichen ,yUMi — 12,347697°. 


Dieser Wert ist — abgeschen von der Eigenbewegung der Sterne, die aber 
nicht beräcksichtigt werden mul — konstant. 


Nach den Nautikertexten ist diese Differenz 7 1. Rechnet man diesen Wert 
in Grade um, ergeben sich folgende Zahlen: 
3600 — 224 I : 11,24999...0 
3609 — 210 T : 12,00. 
Die Differenzen zum Echtwert sind: 
360° = 224 1 : 
360° — 210 7 :0, 
Für die uns interessierenden Zeitpunkte (s. Abb. 6) wird mit Hilfe der 
bereits ermittelten Werte von À = und p und der Formel® 
tan a = cos (e + Ac). tan (à — p) — sin (e+ Ac): tan (B4Ae) sec (x — p) 
die jeweilige Rektaszension von «UMi gefunden: 


124,21 — 2,06136° bzw. 357,93864° 
1495,2 2,03256° 
1534,2 2,88073°. 


Den jeweiligen Stundenwinkel dieses Sterns bei Hühengleiche von 8,yUMi 
erhält man durch Subtraktion von A.a v. «UMi (vgl. oben) von den soeben 
ermittelten «-Werten. Es ergibt sich: 


36. Landolt-Bürnstein N. S., 685. Der Einfachbeit halber wurden die jeweils besten Nüherungs- 
date ausgewablt. 
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früheren Werken vertreten hate, u. a. daf 3600 — 224 I seien.*® Für die 
Verbesserung z0g er die neuesten ihm zugänglichen Daten heran. Der ur 
interessierende Zeitpunkt ist also mit der Zeit, in der 8 v. aUMi — 2 J be 
3600 — 210 J betrag, voll in Einklang zu bringen: Sulaimän al-Mabri bemüht 
sich offensichtlich, môglichst moderne Ausehauungen zur Unterstütrun 
seiner These heranzuzichen. 
(3) Die Zeit um 1534: Ibn Maÿid bezeichnet das MaB 3 v. a«UMi — 3 Lal 
einen “misguided error”. Ebenso ist sich Sulaimän al-Mahri in seinen früher 
Werken mit ersterem sicher, daB dieser Wert 2 1 bei 3600 — 224 1 betrug 
Wenn wir Tibbets folgen wollen, nach dem Ibn Mäjid im Jahre 1514 schor 
tot war und wenn wir voraussetzen, da Sulaimän al-Mahri einige Zei 
nach 1511, aber mit Sicherheit vor 1554 starb* kann der Zeitpunkt 153 
füx Ibn Mäjids Lebensdaten mit Sicherheit, fir Sulaimän al-Mabris Zeï 
warbrscheinlich nicht in Einklang gebracht werden. 

Fassen wir zusammen: Die Termine 1244 und 1495 kônnen als stimmig 
angeschen werden, der Zeitpunkt 1534 ist - zumindest auf Ibn Mäjids Lebens- 
zoit bezogen — unstimmig. 


3. Die Ermitlung der tatséchlichen Gestirnshôhen und Stundenwinkel und il 
Vergleich mit den in den Texten angegebenen 


Zu einer müglicherweise besseren Klärung der Sachlage kann man die in 1 
angégebenen Hôhendifferenzen der zur Messung verwendeten Sternpositionen 
heranziéhen. Zunächst gilt es, die Echtwerte zu ermitteln. 

Für das Aquinoctium des Jahres 2000 sind die äquatorialen Koordinaten 
der uns interessierenden Sterne folgende:* 


3 a 

(1) «UMi 89015’ 37048,25" 
(2) BUMi 74009 222043,25" 
+UMi 7le50° 230011,00° 
(3) SUMa 57002 183651,50" 
eUMa 55057 193030,50" 
EUMa 54056" 200059,00- 


Untersuchen wir zunächst die Hôhengleichen. Für die Umwandlung von 
Horizontal. in Âquatorialkoordinaten gilt die Formel®* 


sin h — sin 3 sin ç + cos 3 - cos +: cos q. 


30. Tibbets, 333. 

41. Ibid. 

32, Tbid, 22. 

33, ER IV, 572. 

34. Meyers Handbuch, S. 448, 453, 454, 455, 456, 457. — à in Grade umgereclnet. 
35. dtv-Aulas,47. 
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€) 2 I bei 3609 = 224 I:  Jahr 15342; 8604709,96° 
Wert für das gesuchte Jahr: 86947-08574" 
Jabr 15341: 86047/08,16" 
Diskussion 


(1) Die Zeit um 1244: Die Lebensdaten der bekannten Nautiker vor Ibn Mäjid 
und Sulaimän al-Mahri lassen sich meist nur grob abschätzen. - Es sind dies:#* 

2) ca. 1009/10 segelt der Nautiker Khawäshir b. Yüsuf b. Sabah al-Arik 
mit einem indischen Schiff 

b) ca. 1100 lebten die Verfasser von Nautikertexten M. b, Shädhän, Sahl 
b. Abbän und Laith b. Kahlän 

c) 1184/85 schrieb der Enkel eines der drei 0.g. Autoren ein “Rahmäni* 
(Segelhandbueh) 

d) kurs nach 1400 “flourished” M. b. ‘Umar, Ibn Mäjids Grofvater.- 
Für die fragliche Zeit läBt sich aus den Texten aleo keine Quelle machweisen. 
Es ist jedoch folgendes zu bedenken: 

Für den Wert 3 v. «UMi — 3 J werden immer nur die “Alten” verantwortlich 
gemacht: eine exaktere Quellenangabe fehlt. Diese unpräzisen Angaben und 
aucl die errechnete Jahreszahl lassen müglicherweise den Schlaë zu, da 
es sich bei diesem Wert um eine sich nach 1200 allmählich herauskristallisie- 
rende, allgemeine Anschauung handelte, die sich in uns unbekannten nauti- 
schen Abhandlungen niedergeschlagen hat oder mündlich überliefert wurde, 
Vielleicht ist es auch kein Zufall, daf — wie sich als Nebenprodukt der 0. g. 
Berechnungen ergab - die ekliptikale Länge à von aUMi 

a) im Jahre 1244,245 77,999399°6 

b) im Jahre 1244,210085  77,998910, 
also in beiden Fallen für die uns interessierende Zeit fast exakt 78° betrug. 

Ein früher Nautiker selbst wird im Zusammenhang mit dem 3 1-Wert 
niemals erwähnt. Falls ciner der Lbn Mäjid und Sulaimän al-Mahri bekannten 
Nautiker die Zahl genannt hätte, wâre er vermutlich als Autorität zitiert 
worden, Der ermittelte Termin fällt auch mit einer chronologischen Lücke 
in den Lebensdaten der in den Texten erwähnten frühen Nautiker zusammen. 
Grundsätalich kann man daher festhalten, daB sich die Jahreszahl 1244 mit 
der Angabe, 3° v. aUMi — 3 J stamme von den “Alten”, in Einklang bringen 
lit. 

(2) Die Zeit um 1495: Das K. tuhfat al-fuhül fi tamhid al-usül, in dem das 0. 
it. Traktat stébt —es ist rein rechnerisch korrekt -, war eines von Sulaimäns 
Alterswerken, In diesem mit Sicherheit einige Zeit nach 1511* verfaliten 
Buch bemühte er sich um eine Korrektur seiner Anschauungen, die er in seinen 


28. Tibbets, 5-6. 29. En IV, 575. 
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c) PkPh — (2005,086'' — 0,8535/") - 2,02 — 0,00028/' - 2,02* 
d) PgPh — PkPg — PkPh 

e) (2005,086" + 0,8535/) - T + 0,00028° + T° = PgPh 

f) 1900 — T : 100 — gesuchte Jahreszahl. 


Es ergaben sich folgende Werte: 
a) 2 1 bei 3609 — 224 J : 1530,898725 n. Chr. 
b) 3 I bei 3600 — 224 1 : 1240,5179 n. Chr. 
€) 2 F bei 3600 = 210 I : 1492,0083 n. Chr. 

Diese Berechnung liefert jedoch nur Grobwerte, da die Abnahme di 
Ekliptikschiefe A € nicht und die Präzession p nur indirekt berücksichtig 
wurdé. Zur genaueren Beréchnung werden die äquatorialen Koordinaten vo 
aUMi für das Aquinoctium 1900 nach den Formeln** 

tan À — cos € tan à + sin € tan sec « 
sin B — cos e sin À — sin € cos À sin 
in ekliptikale verwandelt. Es ist 
8 v. aUMi = 66,08670 
à v. aUMi = 87,15160 
AE und die Präzession p werden nach den Formeln*s 
— 23027/08,26" + 46,845" - T + 0,0043" : T?— 0,0018 : T* 
p = 5024,4252" - T + 0,00019° . T* 
in folgende Gleichung® eingesetzt, durch die die ekliptikalen Koordinaten 
äquatoriale zurückverwandelt werden: 
sin à — cos(z + A) : sin(B+Ae) + sin(e+ Ac) : cos (B4Ac€)-sin(à—p 
Tin Jahrhunderteinheiten) ausgehend von den 0.g. Grobwerten versuchsweïr 
in die e-und p-Formel eingesetzt und die so gewonnenen Zahlen in die Form: 
sur Errechnung von 3 ergab im Näherungsverfahren folgende Wertu® (di 
gegebenen 3'-Zahlen werden durch Subtraktion von 909 in 3-Werte umg 
wandelt): 


a) 3 I bei 3600 — 224 I: Jahr 1244,245: 85°10/43,68" 
Wert für das gesuchte Jabr: 85010'42,8592" 
Jabr 1244,210: 8501042,24° 

b) 2 1bei3600 = 2101:  Jahr 1495,3: 86034/18,12" 
Wert für das gesuchte Jabr: 8603417,1444 
Jabr 1495,2; 86034/16,32" 


24. Landolt-Bôrnstein, Neue Serie. Gruppe VI, Band 1, (Berlin-Heïdetberg-New York, 196 
hesg. v. IL. H. Voigt, S. 685. 

25. Landolt-Bôrnstein, 49. 

26. Ihid. N. $., Gr. VI, Bd. T, 8. 685 (um À erweitert). 

27. Die Figenbeweguog {2 von &UMi braucht nicht berüeksichtigt zu werden: sie beträgt in À 
JJahren nur ca. 2,5*, (Landolt-Bornstein, 161, 167 (überschlagsweite o). 
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in (ungefäbr) bôhengleicher Lage am Nordosthimmel für Breiten 
sehr weit südlich des Aquators. - 1 Z der Fargadën war — 13 1 der 
Nash. - Die Hühengleiche trat “kurz nach” derjenigen von 8,7 UMi 
ein 
Neben diesen Sternen wurden noch eine Anzahl weiterer Sternbilder und 
Einzelsterne, wie 2. B. “al-Murabba®” (Cru), “al-Himärän” (a,8 Cen) u. ä. 
gelegentlich zu Breitenbestimmungen verwendet."* 
Zur Diskussion stehen also folgende Werte zur Verfügung: 
a) 3" von aUMi= a) 2 J bei 3600 — 224 I / = 3,21428560 
b) 3 I bei 3600— 224 I / — 4,821428401t 
e) 2 Lbeï 3600 = 210 I / — 3,42857140% 
(2) Ah aw. aUMi und 8, YUMi = 77 
G) Ah aw. 8. YUMi und 5, <. {UMa — 12 1. 


2. Die Ermitilung der Termine anhand der Poldistanzen des Polarstérns 


Untersuchen wir zanächst, auf welche Jahre die 3°. 
Werte von aUMitatsächlich ficlen (s. Abb. 4). 
S — Polarstem 
PRS — kürzeste Poldistanz aUMi im Jahre 
2102 = 0460 
PRS — Poldistanz aUMi im Jahre 1900 — ÉE 
1,2333...0 
PgS — Poldistanzen aUMi 
a) 2 I bei 360° — 224 1 
b) 3 I bei 360° — 224 1 
€) 2 I bei 8600 — 210 I. 
Zu crmitteln sind die drei Zeiten, in denen der 
Pol die Strecke Pg Ph zurückgelegt hat. 
a) cos PkPg — cos P£S : cos PkS 
b}# n = (2005,086/" + 0,8535/) : T + 0,00028-T* 


* 


v 


17, Ibid, 839: Ferrand 11, 36v:15-37:1 (ders.). 
18. Tbid., 339 FT. 
19. 1 J = 1460714280. 
20,1 1 = 1,71428570 
21. J, Herrmann, dtv-Atlas sur Astronomie (München, 1973). 8.63. & 
22. Landolt-Bürnstein, Zahlenwerte und Funktionen aus Physik. Abb. à 
Chemie: Astronomie : Geophysik und Technik, hrsg. v.A. Eucken, III, Wanderung des Hitumels 
Hand Astronomie und Ceophysik, (Berlin -Gôttingen- Heidelberg, S = Polorstern 
1952), S. 161 (aus d. 3-Wert +. 8846" umgerechnet). Pk= Pol in Jahre 2102 
23. n = Geschwindigkeit der Polbewegung: Formel nach Lan-  Ph= Pol in Jabre 1900 
dolt-Bérnstein, 49. T — Zeit in tropischen Jabrbunderteinbeiten.  Pg= Pol in früheren Jahren 


28 


REINHARD WIEBER 


Zur Messung in J wurden in der Hauptsache drei Sternpositionen heran- 


gezogen (s. Abb. 3): 


dh=Tisbet 


Abb. 3: MeBkonstéllationen 


der “Jah” («UMi, Polarstern) in seiner unteren Kulmination für nürd 
liche Breiten." 

anstelle des Polarsterns die  Fargadän” (8, +UMi) bei gleicher Hôbe 
am Nordosthimmel, wenn der Jäh in 0. g. Posi ie 
tig nur noch 1 J über der Kimm stand, d. b. für Breiten um den und 
etwas südlich des Âquators. - Dabei war 1 1 des Jäh — 8 I der Farga- 
dns 

wenn die Farqadan verschwanden, die “Nafsh”(5, &, {UMa 1t. Tihbets) 


15. 1bid., 331 f.; Ferrand 11, 36v:13-14 (Sul. al-Mahri). 
16: Ibid., 836 M; Ferrand 11, 36v:14-15 (ders.) 
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ei Strich [der Windrose] beträgt 6, plus die Hälfre eines Achtel ésba 


6% 1) der isba® unserer Hôhenmessung. Für uas enthält der Vollkreis 
also] 210 isba®, Für die Alten betrug [die Differenz] zwischen je zwei 
Strich 7 isha®, der Kreis enthalt 224 isba®, Ersteres ist korrekter, Der Bewois 
daru ist: Die grüête Hühendifferenz des Polarsterns [zwischen zwei Meri- 
diandurchgängen] beträgt 4 isba®. Die Astronomen wissen, daf die (Differen] 
swischen oberer und unterer Kulmination des Polarsterns 69° betrügt. 


Jedes ixba* wird [folglich] zu 15°, jeder Grad zu 4 säm.."* — AuBerdem 


srwähnen noch die Texte, daë nach den Alten der Abstand Pol-Polarstern 
31 betrugt 


Abb. 2: Isba® vod tirfa* 
N= Erdnordpol  Æ= Himmelenordpol  W=— West PS, — Me: 
NSe = Meridian à. Erde ha hu = isba® = AP Pi 1 


en de Himmele 


18. Ferrand II 5: 11 £. (Sul. al-Mahri); s. a. 1629: 35. 14. Tibbets, 333. 
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Für eine noch feinere Einteilung wurden verwendet :* 
106° 5230 zw. O7S u OSO GA b gl 
2530 07 30 zw. WzS u. WSW Ga 


95937 30 zw. Ou. OzS ciA de 
264° 22 30° zw. Wu. WzS pi A ie 
84° 22° 30 zw, O u. OzN di du 
2753730" zw. Wu. WzN SA 


IT. STERNHÔÜHEN UND STRECKEN 


1. Die verfügbaren Zahlenwerte 


Sternhëhen werden in iÿba® (Fingerbreite, “Zoll”),' niemals in Graden angege- 
ben; sie dienen zur Breitenangabe von Häfen, bestimmten Küstenmarkierun- 
gen, wie Kaps, FluBmündungen und dergleichen und Inseln sowie von Posi- 
tionen auf hoher See bei Kurswechsel. 

Der Winkel von einem isba“ bildet am Himmel ein Bogenstück von 
einer bestimmten Länge. Wird dieses Stück im Meridian (!) auf die Erdoher- 
füche projiziert, erhält man ein térfd”,® d. h. die Strecke, die ein Schiff in 24 
Stunden zarücklegt: ein Etmal (s. Abb. 2). — Oder, um ein Beispiel zu gebrau- 
chen: Steuert ein Schiff 24 Stunden lang direkten Nordkurs, steht der 
Polarstern am Ende der Fahrt in seiner unteren Kulmination um 1 I hüher 
als am Anfang der Reise. Strecken werden jedoch fast mie in tirfé, sondern 
in sûm, einer dreiständigen Fahrtstrecke, angegeben. B zäm entsprechen 
falglich einem tirfe 

Die Mafeinheiten der Sternhôhen nnd der Strecken zur See stehen also 
rechnerisch miteinander is engstem Zusammenhang. Für die Eintragung 
der Orter auf der Karte ist es daher von grüfiter Wichtigkeit, eine exakte 
Gradzahl für 1 I zu ermitteln. 

Nach den Nautikertexten des Ibn Mäjid und in den früheren Werken des 
Sulaimän al-Mahri entsprechen 224 1 den 3600 cines Vollkreises." Die Héhen- 
differenz zwischen Pol und Polarstern in seiner unteren Kulmination und 
damit der Abstand selbst beträgt 2 L In einem Werk verwirft Sulaimän 
al-Mabri jedoch die Anzahl von 224 I, Er sagt: “Die Differenz] zwischen je 


6. Tibbots, 290 (irrig), 157, 31, 87; BEO, 215. 

1. W. Hina, Jslamische Ma Be und Geuwichte, Handbuch der Orientalistik Erg. Bd. 1, Heft 1, (Leiden 
und Küln, 1970): Tihbets, 313. 

#. Im folgenden mit 1 abgekürat. 

9. Tibbets, 517 (mit weiterführenden Angabeu). 


11. Ibid, 76; Ferrand TL, 152. 
12. Tibbets, 334. 
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Diese Karte oder eine Kopie davon scheint endgiültig verleren zu sein* 


andere arabische Nautikerkarten des Indischen Ozeans für die Zeit um 1500 
oder früher sind bisher nicht bekannt geworden. Es erhebt sich daher die 
Frage, ob es dennoch müglich ist, anhand der zablreichen Angaben in den 
arabischen Nautikertexten® Seekartogramme zu rekonstruieren und dadureh 
ein zuverlässiges Bild von den Vorstellungen und Kenntnissen der arabischen 
Nautik über den Indischen Ozean und seine Nebenmeere für diese Zeit zu 
erhalten. 

Soweit ich sehen konnte, hat sich bisher Tibbets in seinem Werk “Arab 
Navigation” an der Rekonstruktion solcher Karten versucht. Als Beilage 
zu diesem Buch publizierte er sicben Karten teils nach den Angaben aus der 
arabischen Nautik, teils in moderner Darstellung mit aus den Texten ausge- 
wählten Kursen. - Die Mängel, die diesen Darstellungen jedoch anhaften, 
sollen noch im einzelnen besprochen werden. 


B. Die Konstruktionselemente 
Die für die Herstellung eines Kartogramms erforderlichen Angaben bestehen 


ms a) Kursen 
b) Sternhôhen 
<) Strecken. 
L KuRsE 


Die Kursbezeïchnungen orientieren sich in der arabischen Windrose an den 
hypothetischen Aufgangs- und Untergangsôrtern ausgewählter Einzelsterne, 
Sternpaare oder mehrerer Sterne. Diese Angaben lassen sich ohne Schwierig- 
keïten unmittelbar in die modernen Bezeichnungen und GradmaBe umsetzen 
(s. Abb. 1):° 


2. W. C. Brice, ‘Early Muslim Ses-Charts””, JRAS 1977, No. 1, S. 54-55. 

3. Hs. 2292 und 2559 der Bibliothèque Nationale Paris; photomech, Reproduktion in 2 Biiuder 
ud.T. Instructions Nautiques v. G, Ferrond, (Paris, 1921-1923 und 1925) sowic ein 3, Band als Kom- 
mentar, (Paris, 1928); B 992 Leningrad: 3114 Zähi Hs. ohne Nr. aus Bahrain (s. BEO, A 
(1971), 271), Die mir bekaunten Edd. 
2) Iba Majid, Häviyat al-ikhtiyér fr uyül “ilm al-bihär, ed. 1. Khoary in BEO, 24 (1971), 251-342. 
Jus “il albahr ial-quued"id, ed. R. Hawan, (Dimashg, 1971). Val: 


d) Ders., Al-minhäj ol-fäkhir fr “ilm al-babr az-säkhir, ed. J, Kbüri, (Dimachq, 1970). 


€) T. A. Shumovsky, Tri nysisuyestniye lotsii Akhmoda 
do Gami Déni Leg 1957) (enthäle bn. 


n Madsida arabskogo lotsmana Vase 
Urjtsas us-Sufäliya, al-Mo- 


5. Namen nuch Tibbets ibid.; Ferrand ibid.; Variation nach BEO, 215. 


berlegungen zur Herstellung eines 
Seckartogramms anhand der Angaben 
n den arabischen Nautikertexten 


wnrarn Wieser* 


bktirrumgen : a Rékiaszension 
isba® & ekliptikale Breite 
Jahre in Jahrhunderteinheiten à Deklination 
Gestirnshôbe 5" Poldistans eines Gestirus 
Geschwindigkeit des Poles des Himmelsäquators = Sehiefe der Ekliprik 
Prsestion À ekliptikale und geographische Länge 
Kurstrecke + Stundemvinkel 
Kurswiukel % geographische Hreite 
À Differenz 


Die Abkürzungen der Namen der Sternbilder richten sich nach: Meyers 
Tandbuch über das Weltall, Bearbeïtet von K. Schaïfers und G. Traving, 
Maanheim-Wien-Zürich o. J.), S. 322-325. 


À Einleitung 


Als Vasco da Gama im Jahre 1498 Malindi an der ostafrikanischen Küste 
rreicht hatte, konnte er sich einen Lotsen für die Fabrt nach Indien verschaf. 
en, dessen Namen die portugiesischen Berichte mit Malemo Cauaqua oder 
Talemo Cana, d. h. Mu‘allim (Navigator) Kanaka (guzerati für Astrologe) 
mgeben. Im Verlauf einer ersteu Unterhaltung —so die portugiesischen Berich- 
e- zeigte der Lotse da Gama cine Karte der ganzen indischen Küste, “die 
iach Art der maurischen Karten mit zahlreichen Meridianen und Parallelen…. 
ersehen war, aber ohne Angabe der Windstriche. Da die Quadrate [gebildet 
lureh die Kreuzung] dieser Meridiane und Parallelen sebr klein waren, war 
lie Richtung der Küste durch die beiden Windrichtungen Nord-Süd und 
Jet-West sebr genau, ohne dass jedoch die Deutlichkeit der Karte litt durch 
lie Menge [Zeichen für die Richtung] der Winde und der Magnetnadel...". 


* Gocbenstr. 9, 5300 Bonn L, West Germany. 

1. Editr's Note: Here aud in the sequel ET stande for Encyclopaedia of Islam, 1st ed; JRAS for 
vurnal of the Royal Asiatic Society; BEO for Bulletin d'études orientales, Damas. EL TV 390. Zum 
roblem, ob der Lotse Ibn Mäjid war, s. ibid / G. R. Tibbets, Arab Navigation in. the Indian Ocean 
dore the Coming of the Portuguese, Oriental Translation Fund, New Series, vol. XLII. (London, 1971), 
=. 
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Foet. form. = De foetuum formatione, vol. IV, pp. 652-702 K. 
In Hipp. De alim. comm. — In Hippocratis librum de alimente commentarii 
1-1V, vol. XV. pp. 224-417 K. 

In Hipp. Epid. II comm. = Galens Kommentare zu dem 11. Buche der 
Epidemien des Hippokrates … aus der arabischen Übersetzung des Hunain 
ibn Ishag ins Deutsche übertragen von Franz Pfaff. Corpus Medicorum 
Graccorum V 10, 1, (Leipzig, Berlin, 1934), pp. 153-410. 

Sem. = De semine, vol. IV, pp. 512-651 K. 

Usu part, = De usu partium, vol. II, p. 1 - vol. IV, p. 366 K. 

Hippocrates — Oeuvres complètes d'Hippocrate. Traduction nouvelle avec le 
texte grec en regard par Émile Littré, 10 vols., (Paris, 1839-1861). (Cited 
as uL"). 

Alim. = De alimento, vol. IX, pp. 94-121 L. 

Epid. II — De morbis popularibus liber IT, vol. V, pp.12-139 L. 

Genit. = De genitura, vol. VIT, pp. 470-485 L. 

Nat, puer, — De natur pueri, vol. VIE, pp. 486-543 L. 

Oct. — De octimestri partu: Hippokrates, Über Achtmonatskinder. Über 

das Siebenmonatskind (unecht). Hrsg.. übers. u. erl. von Hermann Grense- 
mann. Corpus Medicorum Graecorum I 2,1, (Berlin, 1968). 


Jamblichus, Theol. arithm. — Jamblichi Theologoumena arithmeticae. Ed. 
Vittorio de Falco. Bibliotheca Teubneriana, (Leipzig, 1922). 


Oribasins — Oribasii Collectionum medicorum reliquiae. Ed. Johannes Raeder, 
4 vols. Corpus Medicorum Graecorum VI 1-2, (Leipzig, Berlin, 1933). 

AlTabañ — Firdaws al-fikma fi t-fibb li-AbiL-Hasan “Ali ibn Sahl Rabban 
al-Tabarï, Ed. Muhammad Zubair as-Siddigi, (Berlin, 1928). 

VS — Die Fragmente der Vorsokratiker. Griechisch und deutsch von Her- 
mann Diels, 10, Auf, hrsg. von Walther Kranz, 3 vols., (Berlin, 1960- 
1961). 
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for us some traces of an embryclogical tradition of late antiquity which is not 
documented in the extant Greck medical texts. Thus we learn that shortly 
before the Arab conquest Byzantine physicians not only revived the quanti- 
tative assessments which had existed in older medical embryology, but had 
been neglected to some extent during the Hellenistic age; they, moreover, 
supplemented the medical tradition by arithmological notions of Neopytha- 
gorean origin, which may be due to the general predilection of the time for 
number mysticism,. 

Considering the subsequent development of embryology in Islam, it is 
worthy of note that the predominance of problems concerning the duration 
of pregnancy and the stages of prenatal development, which is noticeable with 
Tbn Mäsawaih and other scholars of the early period, decreases with the authors 
of the classical age such as ar-Räzï, Ibn Sinä, or “AI ibn al-"Abbäs al-Majüsi, 
Thougb these writers do not completely abandon the traditional numbers, 
they mention them rather incidentally, paying more regard to the physiologi- 
eal aspect of embryogenesis. Thus, their attitude is eloser to that of the 
Hellenistic physicians such as Galeu than te the approach of their Arabic 
predecessors. 


List of Sources 


Aristotle — Aristotelis Opera, ed. V. Bekker, 2 vols. (Berlin, 1831-1870). 


GA = De generatione animalium: Aristotle, Generation of animals. With 
an English translation by A. L. Peck, The Loeb Classical Library, (Lon- 
don, Cambridge/Mass., 1963). 

HA — Historia animalium: Aristoteles, Thierkunde, Kritisch-berichtigter 
Text mit deutscher Übersetzung von H. Aubert und Fr. Wimmer, 2 vols., 
(Leipzig, 1868). 

Metaph. — Metaphysica: Aristotle, The Metaphysies, With an English 
translation by Hugh Tredennick, 2 vols. The Loeb Classical Library, 
(London, Cambridge /Mass., 1961-1962). 

Al-Baladf — Abu’l-Abbäs Ahmad ibn Muhammad ibn Yahyä al-Baladï, K. 
Tadbir al-habäla wa-l-atfil, Ms. London, Royal College of Physicians, 
no. 8. 


Ceusorinus — Censorini De die natali liber. Rec. Fridericus Hultsch. Bibliotheca 
Teubneriana, (Leipzig, 1867). 


Galen = Claudii Galeni Opera omnia. Ed, Karl Gottlob Kühn, 20 vols. Medi- 
corum Graecorum opera quae exstant, vol. 1-20, (Leipzig, 1821-1833). 
(Cited as #7) 
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Egypt in 641 The Arabs regarded Paulus as a foremost authority in mat- 
ters of obstetrics, surnaming him al-qawoäbili (“adviser of midwives”"). Of his 
writings, only a medical compendium, in which he does not deal extensively 
with embryology, has survived in the Greek original. and also in fragments 
of Hunain ibn Ishäq's Arabic translation. Yet, according to Arabie bibliographi- 
cal sources, Paulus also composed monographs on the regimen of women 
and that of children.” Al-Baladi does not quote the title of his source, but 
it is not improbable that he reproduces a fragment of one of these lost books 
of Paulus. From the close accord of al-Baladÿs and Ibn Mäsawaïh’s accounts, 
which is indicative of a common source, we may conclude that Ibn Mäsawaih 
drew thé last chapter of his treatise from Paulus. 

The previous discussion has already led us to inquire about the immediate 
sources of Ibn Mäsawaih. As the book presents neither a full account of acces- 
sible knowledge on embryology, nor discussions of diverging opinions on 
particular topies, nor, for that matter, any independent point of view of the 
author, it can by n0 means be regarded as an original contribution. Ibn Mäsa 
waih obviouely intended to provide a comprehensive textbook asembling 
generally acknowledged doctrines on the main problems of embryogenesis. 
As stated in the beginning, his physiological teachings are ultimately derived 
from Hippocrates and Galen. From the abridged mode of presentation, however. 
we may infer that he did not himself collect these materials from the originals, 
but rather utilized one or several embryological compendia, eclectie com- 
pilations uniting opinions of the two chief authorities of Greek medicine. 

The dependence of the last chapter, displaying Pythagorean influence, 
from Paulus, could well be an indication that the other Pythagorean notions 
were also present in Ibn Mäsawaih’e sources.” Whether he relied wholly on 
Paulus or perhaps drew from some other texts besides, we cannot determine 
with certainty. To specify the provenance of the arithmological doctrines 
is likewise impossible because of the conciseness of the fragments. Since the 
topics of arithmology are so frequently paralleled in ancient literature, only 
close verbal agreement of longer passages would enable us 10 identify their 
precise source. 

In any event, it can be stated that the value of Tbn Mäsawaih's embry- 
ology for the general history of medicine lies mainly in the fact that it preserves 


68. We cannot exclude, however, that Paulus only transmitted an older tradition. For Paulus' 
life and works, ef. Hans Diller, RE XVIII 4, col. 2386-2397. As to the Arabic tradition, see Ibn au- 


Nadim, Pihrist, vol. L, p. 293: Ibn al-Qifii, Ta”rikh, pp. 261,16 - 262,5: Ibn Abi Usaibi‘a, Uyün, 
vol. L, p. 103, 14 £; Barhebraeus, Mukhtayar, p. 103,5-9; Sesgin, GAS TI1 164-170; Ullmann, Medisin, 
pe 06 €. 

69. The latter is mentioned only by Ibn Abi a, “Uyün, vol. L, p. 103,14; ef. Ullmann, Medi- 
sin, p. 345. 


10. Moreover,itis quite unlikely that Ibn Mäsawaih was familiar with arithmologieal literature in tl 
strict sense. 
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the basic number, and supplies the difference between the extremes by two 
mean proportionals, the harmonie (8) and arithmetic(9) means. Tripling the 
number 6 for partus maior, one gets the greater extreme 18,and the mean 
terms 9 (harmonic} and 12 (arithmetic). Each time, the date of birth®® is cal- 
culated by multiplying the sum of the four terms, either 35 or 45, by the base 
6, which results in 210 and 270 days, or 7 and 9 months, respectively. 

The figures assumed for 8 and 10 month children obviously do not suit 
the Pythagorean scheme, To be sure, the greater extremes may be regarded 
as multiples of the basic number 6, but the intermediate terms do not exhibit 
those particular regularities required by the Pythagorean proportion It 
is quite clear that they were admitted only in order to fit the sums 40 and 50, 
which are designated by medical tradition, just keeping as close as possible 
to the terms of partus minor aud maivr.* So we may safely conclude that 
they were added by a physician who was more interested in completing the 
data of the Hippocratie pattern than in pursuing mathematical consistency. 
However, it is possible that he had not even grasped the rule underlying the 
Pythagorean numerical sequence. 

Whom, then, may we credit with the incorpuration of Pythagorean embryo- 
logical number speculation into the medical tradition derived from Hippocra- 
tes? Beyond doubt, it was not performed by Tbn Mäsawaih himself. Exactly 
the same theory, though somewhat different in phrasing, is communicated 
by al-Baladi®? (th /10th cent.) on the authority of Paulus of Aegina, a Byzan- 
tine physician who lived in Alexandria at the time of the Arab conquest of 


Theol. arithms, pe 42,39 + 


Robbins, Tradition, p. 103 f1.; Burkert, Waisheit, p. 408, noté 31. Some 
authors even call the 6 gennérikôtatos, though on the ground that it is he product üf male (3) and female 
(2), #. Robbins, Tr  p. 105. 

62. For partus minor ef. Varro in Censorinns XI 2-5 (p. 19.6 20, 


à ef. Roscer, Hippokratische 


isregarded in arithmologieal texts. 

64. Both types discussed by Jamblichus, Theol. urithm., p. 51,17-24. 3. also ibid. p. 63 £. In Varro's 
caleulation of partus maior (in Censorinus XI 6-8; p. 20,2-25) there seems. to be some mistake. Instead 
of computing tbe triple ratio of the proportion based on 6, he basie urber. Thus, in order 
to arrive at the date of birth- 280 days instead of 270- by multiplication by tbe bare 7, he has 0 propose 
40 days (not 45) for the period of formation. Probably he was influenced by the Hippocratie deter- 
mination of the normal gestational period as seven tessaracontades (200 — 7 X 40), ef. Hippocrates, 
0e. 4, 6: 10, 4 (CMG 1 2, 1; p. 88, 14: 96,7-11 Grensemann). Anyhow, he is not able to list numerical 
values for the other three terms, since the sum of the progression: base - harmonie mean - arithmetic 
mean - multiple of the base, would not amount to 40 if the starting point is 7, not to mention the faet 
that the mean proportionals between 7 and 14 are not integers. Cf. also Robbins. Tradirion, p. 117, 
ho (note 3) draws attention to a passage on nine month children in Augustine which seems 10 agree 
closely with Tbn Mäsawaih's statements. On parlus maior cf. also Roscher, Hippokratische Schrift, 
PAT: GB 

65. In both cases at least the harmonie means would result in fractions. 

66. Cf. in partienlar the terms of the third column. 

67. Al-Baladï IT 18, Me. pp. 103-105. 
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As for the numbers on the left, Ibn Mäsawaih does not give reasons for hi 
selection, The terms do not appear in the preserved Greek medical texts 
nevertheless we are able to prove their pre-Islamic origin. As could be expected 
they are of the same provenance as the numerical speculations discussed before 
The sequence of numbers put forth for a seven month pregaancy clearly point 
10 Pythagorean music theory, since 6, 8, 9. 12 may be combined in three ratio: 
which correspond to the basic harmonies of the musical scale, viz. the harmoni, 
intervals: octave (12:6 or 2:1), ffth (9:6 or 3:2), and fourth (8:6 or 4:3)° 
these numbers conforming to the four fixed strings of the Greek lyre# Ir 
mathematical terms, 8 is the harmonie and 9 the arithmetic mean betweer 
the two extremes 6 and 12. 

The fundamental discovery that musical harmonies can be measured bj 
these four numbers, the proportions of which may be expressed by certair 
mathematical formulae, stimulated scholars to trace the influence of this sig 
aificant number series elsewhere in nature. Thus, it does indeed turn up ir 
pre-Islamie literature in connection with developmental stages of the embryo 
though not in medical texts, but in Neopythagorean treatises on the theolog; 
of numbers,” one source even relating it to the same four periods as Ibr 
Mäsawaib, namely the Latin doxographical book De die natali, composed ir 
238 A.D. by Censorinus.® These accounts, which scem to be ultimatelÿ derivec 
from a common source, elucidate the peculiar considerations leading to the 
association of these terms with embryology. 

We learn that Pythagorean embryology allowed for only two different 
periods of gestation, 7 months (partus minor) and 9 months (partus maior)." 
The calculation of the intervals of development is explained as follows. Botk 
sets of terms are led by the number 6, since 6 belongs to the perfect numbers 
that is to say, numbers which are equal to the sum of their factors (1 + 2 + 
3 — 6).% As for partus minor. one finds the greater extreme 12 by doublins 


54, Cf. Aristotle, Metaph. XIV 6. 1093a 29; Iamblichus, Theol. arithm., p. 30,5-15; s Delatte 
Etudes, p. 258; van der Waerden, Harmonielehre, p. 167 #. The reduced ratios of the intervals ar 
produced from the numbers of the rerakiys, ef, van der Waerden, Harmonielehre, p. 178 ff., and R 
XXIV, col. 278; von Frite, RE XXIV, col. 200 £. 

55, Ses van der Waerden, Hurmonislehre, p. 173, 184, and RE XXIV, col. 218. 

56. Cf. VS 47 B 2; lamblichus, Theol. arithm., p. 43,9-14; 5. van der Wacrden, Harmonielekre, 1 
181 £.; Burkert, Weisheit, p. 417 f. 

57. 1 choose Tamblichue' Theologoumena arithmetieué as « comparatively late example which i 
compiled from various treatises on the decade, ef. Wilhelm Kroll, RE IX 1, col. 645-651, esp. 6 
647 and 650. 

58. $. Georg Wissowa, RE HI ?, col, 1908-1910. Censorinus it dependent on a lost work by N 
Teréntius Varro (1st cent. B. ellfr. Dahlmann, RE Suppl. VI, col. 1172-1277, esp. col, 1267. 

59. For the descent and of Greek arithmological texts ef, in particular the articl 
of Robbins, Posidonius, pp. 409-322, and Tradition, pp. 97-123. 

60. C£. Diepgen, Frauenheilkunde, p. 162. 

61. Le. numbers of the form 2%2%+1—1), provided that 2°*?—1 is prime. See Tamblichu 
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The last chapter of the treatise is coucerned with the exact lengths of the 
successive developmental stages, which are listed separately for seven. eight, 
nine, and ten month children. It is partly based on a passage in the Hippocratic 
book De alimento.‘ where three periods are distinguished: the intervals from 
conception to formation, to first movement, and finally to birth. The figures 
set forth for each step make up definite ratios which are constant for each 
of the four types of pregnancies:* the first period is to the second as 1 is to 2, 
the second to the third as 1 is to 3. Ibn Mäsa ; however, modifies the Hip- 
pocratie pattern by subdividing the first period into four steps, which he defines 
a foam-like (shabih bi-r-raghwa), blood-like (shabih bi-d-dam), flesh-like (shabih 
bi-mudghat al-lahm), and the formed state (tatimmu sfratuhü) of the semen. 
À similar division is mentioned by Galen and Athenaeus of Attalia (1st cent. 
B.C.), though their definition of the four phases is slightly different. Galen. 
moreover, does not adduce conerete numerical values for their length; Athena- 
eus” figures are based on an enneadic series, each period comprising 9 days," 
whereas Ibn Mäsawaih employs another numerical proportion as shown by 
the following teble. The figures should be understood as standing for days. 
The periods to the right of the double line, which correspond to the Hippocratic 
ones, refer to the complete periods from conception to the stages indicated 
in the headings. The terms 10 the left, on the contrary, refer only to the inter- 
vals between the various events.‘ 


period of |, || shape | movement | birth 
gestation | foam | bood fsb || Hinhe Las (x2  |(x3) 


Tmonths | 6 | 8 9 1 | 3 7m | 210 
8 months | 6 10 | 95 ‘15 | 4 80 240 
9 months | 6 | 9 | 12 18 | 45 | 90 | 270 

6 8 | 12 | 24 | 50 100 300 


10 months 


is the first organ to develop, s. Foer, form. 3 (LV 660 A. K.); ef. Bloch, Embryologie, p. 49 4; Balss, 
Zeugungslehre, p. 236; Adelmann, Molpighi, p. 147. 

51. Hippocrates, Alim. 42 (IX 112 L 

52, The muobers moreover stand in particular proportions to the whole length of pregnancy calen- 
Jated in months: The three terms are multiples of 7 for seven month children, maltiples of 8 for eight 
month children, ete.; ef. Karl Deichgräber, “Pseudbippokrates: Über die Nahrung"', Akademie der 
Wissenschaflen und der Literatur. Abhandl. d. geistes- u. sosiolwiss. K1. 1973.8, (Mainz, 1973). p. 59. 

53. Galen, Sem. 1 9 (IV 542 £. K.), and In Hipp. De alim comm. IW 14 (KV 400 K.); ef. Bloch, 
Enbryologie, p. 4%; Lachs, Gynaekologie, p. 29; Balss, Zeugungslehre, p. 236; Diepgen, Frauenheilkunde, 
p.153; Adelmann, Maipighi, p. 147. For Athenaeus, s. Oribasius XXI1 9 (CMG IV 2,2: IV 105 Raeder): 
dE, Max Wellmaun. Dis praumatische Schule bis auf Archigenes. Philologische Untersuchunges 14, 
(Berlin, 1895), p. 152; Bols, Zeugungslehre, p. 236; Diepgen, Frauenheilkunde, p. 161. 

5da. Most of the numbers are miswritten in the manuscript. It should be noticed that these periods 
do not agree with those mentioned before with reference to the development of male and female embry- 
08, 8. above, p. 5 f. 
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The second term, 9, is based on the first odd, 3, the excellence of which is 
clear from the essential superiority af odds as compared to evens. As 9 is 3 
times 3, it shares entirely in the virtue of its factor,* so that a child born 
after the period measured by 9 will witness no harm. Finally, 10 months are, 
no doubt, an excellent period for birth because they are in accordance with 
the most perfect number 10.4 

Now Ibn Mäsawaih turns to the physiological causes of birth, referring to 
the Hippocratie assumption that birth is induced by an activity of the child, 
Towards the end of pregnancy, when the infant has already grown quite big, 
it réquires more food than the uterus is able to supply. Therefore, it strives 
to get out in order to find sufficient nourishment, and, moving about violently, 
tears up the membranes which, thus far, had supported him in the womb, 
The event of human birth is compared to the hatching of birds, which, as soon 
as they bave consumed the nourishment contained in the egg, crack the shell 
and come out.f# 

The inquiry concerning birth concludes the systematic chronologieal ac- 
count of embryogenesis. It is followed by two additional sections, the first 
of which deals with the differentiation of the principle organs. Twenty-four 
hours after conception, the semen becomes inflated (yantafikhu). In the middle 
of it, there oceurs a fissure from which the navel is to develop, since navel and 
umbilical cord are formed at the very beginning because they perform the act 
of feeding the embryo. During the following period, the heart is moulded, 
for it is the source of innate heat and thus the seat of life itself, It is succeeded 
by the brain and the spinal cord, from which emanate movement and sense 
perception.ft The remaining members are not dealt with in detail. 


(Leipzig, 1906); p. 114, 116; F. E. Robbins, “The tradi 
16 (1921), 100 F.; Burkert, Wrisheit, p. 232, note 5%; 443 and note 13. For the uotion of generation 
ef. also the quotatiou from Speusippus in Ismblichus, Theol, arithm., p. 84,3-6, where this doctrine 
is expressed in mathematical terminology: numbers up to 5 are called submultiples because their 
multiples fall into the range of the first decade, wbereas the following numbers up to ten are called 
multiples, with the sole exception of 7, which answers none of the two definitions. Al-Tabari (Il 1,2; 
p. 33,29 - 84,4) gives another reason for 7 and 9 as periode of birth: As odds are superior to evens, 
periods exclusively construeted of odds (9 = 3 x 3:7 = 3 +- 3 + 1) are most suitable for the ascomp- 
lishment of pregnancy. 

46. Cf. Tamblichus, Theol. arithm. 

A7, See above, p. 5 und 7. 

39, Hippocrates, Nas, puer. 30 (VI 534-536 L.); ef, Fasbender, Ennwickelungslehre, p. 125 f.; Bloch 
Embryologie, p. 21; Balss, Zeugungslehre, p. 204: Diepgen, Frauenheilkunde, p. 164. 

49, See Hippocrates, Nat. puer. 12 (VII 486-488 L.); ef. Facbender, Entwickelungslehre, p. 87 fi 
Bloch, Embryologie, p. 17 #. C£. also al Fabari LI 1,1 (p. 32,3-5). 

50. See also al-Tabaï 11 1,1 (p. 32.14-16). This conforms to the Aristotelian assumption, GA 11 4 
TA0a 8: II 6. 42h 35, 743b 26 (ef, Bloch, Embryologie, p. 35 alss, Zeugungslehre, p. 235: Diepgen 
Frauenheilkunde, p. 188 £.: Lesky, Zeugungslehren, p. 142 8.; Adelmann, Malpighi, p. 742 £.), Choush 
Aristoule seems 10 believe that the navel is formed subsequent to the beart, s. GA II 4, T40a 27, Con 
versely, Galen in bis later period ndopted the view that the liver, being the seat of vegetative lift 


DATE D 
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nism and late antiquity by the Neopythagoreau sect with reference Lo the old 
school of Pythagoras. The Pythagorean glorification of number as the principle 
of cosmic order, and the peculiar reverence paid to the decade,” had given 
rise to an intricate mystical form of arithmetic called the theology of numbers. 
the subject of which was the characteristics and deeper meanings of the first 
ten integers. Their mathematical properties were correlated with the physical 
virtues of objects measured by them," parallelism being interpreted as identi- 
ty, coïncidence as causality, revealing the divinity of those numbers and 
their significance for the construction of the universe.#® 

From Pythagorean number symbolism [bn Mäsawaih adopts the notion 
of generation in order to explicate the virtues of 7, the first possible duration 
for a live birth, generation of numbers being defined as production by 
duplication It bears a twofold aspect: geénerating (murcallid), and being 
generated (mutawallid). If we classify the numbers of the decade accurding 
to these two categories, we shall find three different types. There is one number 
which is nongenerated but generating, viz. 5, which, firstly, is odd and thus 
no multiple of 2, and secondly, produces 10 when doubled.# The 4, on the 
other hand, is both generated and generating, being a multiple of 2, and, in 
turn. producing 8 as its multiple.“ Of the number 7, however, neither of 
these two properties may be predicated, since 7 as an odd number is nongene- 
rated, and though it may, of course, be doubled, it as ta be regarded as non- 
generating because its multiple, 14, does not fall into the range of the first 
decade. Due to this extraordinary status, being beyond both aspects of genera- 
tion,#s 7 is most suitable for measuring the period of embryonic development. 


36. They held that the universe is constructed out of numbers which constitute the properties and 
states of sensible things, s. Aristotle, Metaph. XIII 6. 1080b 3; 1 5. 986a 1: XIV 3. LO90a 21 

37, See above, p. 5. 

38. Modern scholurs prefer the term arithmolosy. following Delatte, Etudes, p. 189. The designation 
“theology of numbers'” was chosen, since the starting pôint of arithmology is the identifiation of 
certain mnits with particular gods and their epithets, cf. Delatte, Etudes, p. 1AI ff. 

39, Even attribates and ethical virtnes ch as “justice” or "opportunity"" were related 10 particular 
numbers, ef, Aristotle, Metaph. L 5. 985h 24; XII 4. 1078b 21; «. Delatte, Etudes, p. 139. 

40, Cf. Aistotle, Metaph. XIV 6. 1093 1. 

AL. As for the following, ef. also FS 58 B la (p. 450,6-8). 

42, Or maybe by multiplication by any Factor you chose. From the few examples explicated by It 
Mäsawaih it ennnot be ascertained whether be considers the odds in total as ungenerated (cf. Aristotle, 
Maaph. XIV 3, 1091a 23) or just the primes. 

43. Arithmologists call the 5 also gomäs (+-marriage’"), s. Tamblichus, Theo. arithm., p, 30,17 {f.; 
ef, Roscher, Hippokratisehe Sehrifi, p. 49: Burkert, Feisheit, p. 422 L.; ». also Aristotle, Metoph, XTIL 
4. 1078b 23. The rensons given by lamblichus poiat to yet another concept: $ is the sum of a male 
(3) and à female (2) number (for male and female numbers see above). 

44. Cf. Tamblichus, Theol, arithm., p. 72,16 f.: mônou kaï gennéntos hôma ai gennéménou. 

45. The assertion that 7 is oûte genndn oûte gennésthai was already ascribed to Philolans (VS 44 B 
20); ef. Roscher, Hippokratische Schrifi, p. 61 F.; Roseher, “Die Hebdomadealebren der griechischen 
Philosophen und Ârzte"", Abhandl. der S£hsischen Gesellschafi der Wissenschofien, phil.-hist, KI. 24.6, 
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gorcan arithmology the numbers 1 and 2 have an extraordinary. status, bein, 
regarded as principles. The identification of odd with male aud even witl 
female is apparently an archetypical notion adopted in various cultural field 
all over the world# The fact that the odd precedes the even in the sequenci 
0f numbers” is additional evidence for the assumption that the male, wbicl 
curresponds to odd, precedes the female in the achievement of bodily shape 
the periods being measured by the first odd and even multiples of the “perfect” 
decade respectively. 

The same difference between male and female is noticeable with respecr 
40 the date of the first movement exhibited by the embryo in the womb. Witl 
males, it normally vccurs after three, with females after four months of preg 
nancy — figures which are likewise taken from the Hippocratic collection 
This time, [bn Mäsawaih explains the difference by the well-known doctrint 
that the male organism possesses a greater amount of heat* Since heat it 
idered as the main agent in every natural process. it is responsible for te 
swifter development of males. The same argument was applied by Galen te 
account for the divergent periods of formation.# 

The aforementioned three or four months are to be taken as approximatt 
durations, proving valid with pregnancies of normal length, namely ninc 
months. Às a rule, the first movement takes place after one third of the whole 
period of gestation,® an assertion based on the Hippocratie belief that the 
times elapsed from conception to first movement and to birth, respectively 
bear the definite ratio of 1 to 3.% 

In fact, there are essentially three kinds of semen, which are distinct in 
speed of development, and three corresponding possible times of birth, viz 
at seven, nine or ten months. Eight month pregnancies are not taken intc 
account, probably because eight month children were generally considereé 
as non-viable A child born before the complete expiration of the timt 
appropriate for it will not be safe and sound. But why just these three periods! 
The answer is provided by number speculation, as it was developed in Helle 


27. Cf. PS SH B lu (p. 449,24); s. Burkert, Weisheit, p. 408 £.; sec also Aristoue, Metoph. XIII 
1081b 17, 
ec Bnrkert, Ioisheir, pe 444, 450. 

Cf. Tamblichus, Theol. arithm., p. 83,13. 

30. Hippocrates, Not, puer. 21 (VII 510 L.); ef. Fasbender, Enteickelungslehre, p. 92: Bales, 24 
sungalehre, p. 235; Blerscb, Sexus. p. 23: Dicpgen, Frouenheilkunde, p. 154. 

31. Cf. Aristoue, GA LV 1. 765b 16; ef. Balss, Zeugungalehre, p. 241. 

32. Galen, Sem, II S (IV 631 f, K.), aleo attributes some influence to the greater dryness of males 
ef, Blersch, Sexus, p. 100. S. also Aristole, GA LV 6. 775a 10. 

33. la this context, the distinction between male and female is not taken into account. 

34. Hippocrates, Bpid. 1 3,17 (V 16 L.), and Galen’s commentary, In Hipp. Epid. 11 comr 
HIT (CMG V 10.1: p. 295 F. Pfaff): ». also Hippocrates, Alim. #2 (IX 112 L.), and Galen, In Hipp. 
alim. comm T° 20 (XV 107 LK.). C£. also the reference in lamblichus, Theo. urithm., p, 64,13-17, 
Diepgen, Frauenheilkunde, p. 161. 
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develop slowly, whereas males who resemble form, which is the active principle 
of the world, are not affected by the inertia of matter, This argument is obvions- 
ly derived from the Aristotelian antithesis of form and matter as universal 
causes of generation which plays an important part in Aristotle's embryology. 
The dualistie approach to generation, however, implies that the female 
contribution to reproduction consists only in the material out of which the 
embrya is formed, i.e. menstrual blood, while the semen, which conveys the 
dynamic principle and endows the matter provided by the female with the 
ability to develop, comes exclusively from the male.* Since in the preceding, 
Ibn Mäsawaih attributed the production of semen to both sexes, the matter- 
form argument is not consistent with his fundamental concept of reproduction. 

The assumption of thirty and forty days for the times of formation is sub- 
stantiated by arguments ascribed to Pythagoras(Büdajüras) and his followers, 
whicb are not to be found in pre-Islamie medical literature, The two numbers 
may be resolved inta the factors 10, and 3 or 4 respectively. 10 is a perfect 
(tämm) number because the totality of numbers is contained in it, the Pytho- 
goreans admitting only the units of the first decade as basic numbers, for the 
suceeeding ones are constructed from them and, thus, are to be regarded as 
mere repetitions.® The denotation “perfect” points to the Pythagorean tetraktys 
(éfoursome”), a formula expressing the special mathematical property of 10 
to represent the sum of the first integers through 4 (1 + 2 + 3 + 4 = 10). 
The tetraktys was held not only to encompass the very nature of the number 
system, but to control the harmony whereby the world is ordered.# 

The number 3 is the first odd, 4 the first even number.* because in Pytha- 


22, Aristotle, GA I 2. 7168 5; I 20, 729a 9: 121. 730a 25; 11 1. T32a 8; 14. 738b 20, 740 b 
AV 1. 766b 12; s. alko Galen's diseussion of the Aristotelian concept, Sem. L 3 (IV 516-519 K.); ef. 
Bloch, Embryologie, p. 26 8; Balss, Zeugungslehre, p. 22%; Blersch, Sexus, p. 67 Î.; Diepgen, Frauen- 
heilkunde, p. 125, 147 £.; Gerlach, Samen, p. L 523: Lesky, Zeugungslehren, p. 
134 f.: Howard B. Adelmanv, Marcello Malpighi ond the Evolution of Embryology (Itbaca, New York. 
1966), vol. I, p. 139: Preus, Galen's Criticism, p.78. 

23. Cf. Aristotle, Meraph. XII 8. 1084a 12: lamblichas, Theo. arithim; p. 8010-15: s. Armand 
Delatte, Etudes sur la littérature pythagoricienne. Bibliothèque de l'École des fautes Études. Sci. hist. 
et philol. 217, (Paris, 1915), p. 256. 

24.8, Aristotie, Metaph. XIUI 8. 1084a 29; lamblichus. Theo. arithum., p. 80,6 (1: 83,6 f,: 80,9 f. 
The tetrakays was represented by ten points or pebbles (pséphoi) arranged in an equilateral 
Cf. Delatte, Etudes, pp. 249-268. esp. 256 £.:; Wilhelm I. Roscher, ‘Die hippokratische 
vou der Siebenzabl und ihr Verhältnis sum Altpythagoreismus”, Berichite über die Verhundl, der Säch- 
chen Akademie der Wissenachafien su Leipaig, phil.-hist. KI. 71, 5, (Leiprie, 1919), pp. 45-47: Bartel 
. van der Waerden, “Die Harnonielere der Pythagoreer", Hermes, 78 (1943), 178 f.; Kurt von 
Frits, RE XXIV, col. 200: Walter Burkert, Weisheit und Wissenachaft. Studien zu Pylhogoras, 
Philolaos und Plawn. Eslanger Beiträge zur Sprach- und Kunstwissenschaft 10, (Nüraberg, 1962), 
63; 170 £,; 9073 442. 

25.8. Philolaus, VS 44 B 11; ef. Aristoile, Metaph. 1 5. 986 a 9: ef, Frank Egleston Rob) 
donius ad the Sources of Pythagorean Arithmology"?, Classical Philology, 15 (1920), p. 310 f, 

26. Cf. Tamblichus, Theo. arithm., p. 14,17 £.: 17,4: 23,8. 
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eunuchs. This difference accounts for à difference in function, female semen 
serving mainly as nourishment for the male semen during the first seven days 
after conception. Later on, the embryo is fed by menstrual blood of the mother, 
but since in the beginning the semen is not yet strong enough to digest blood, 
it has to be nourished by the female semen. a substance wbich by its nature 
is more akin to it than blood.1* 

Subsequently, three membranes are formed around the semen. The chorion 
(mashima) consists of arteries and veins which pass the maternal blood on to 
the child. The second membrane, being of oblong shape, is called in Greek 
allantois® which means in Arabic lafifi (“gut-like”). It is created to collect 
the embryo’s urine, while the third membrane, the amnion,®* serves as a recep- 
tacle forits sweat. The description of the membranes and their functions app 
ently reflects Galenic teaching, though much abbreviated, the particulars 
of their formation and relative position even being omitted.2 

Greek physicians and natural philosophers almost unanimously held the 
opinion that males develop more swiftly than females,® their external features 
being established earlier, but diverged about the exact period in which the 
two sexes achieve human appearance. Ibn Mäsawaih's figures for the two 
periods of formation are similar to those proposed by the Hippocratic author 
of De natura pueri# thirty days for males and forty for females. According 
to Ibn Mäsawaïh, the general cause for the difference lies in the fact that the 
nature of females is close to matter. Thus, being passive like matter, they 


semen does not apply to the j arents but to the sex of tbe child: males develop from thick. females 
from thin semen, cf, Heiari:1 Fasbender, Entickelungslehre, Geburishälfe und Gynäkalogie in den 
hippokratischen Schrifien (Suottgart. 1897), p. 81 L: Bloch, Embryologie, p. 15: Balss. Zeugungslehre, 
p.260: Diepgen, Frauenheilku ue, p. 126, 146; Gerlach, Samen, p. 181 £.; Esser, Anteil, p. 494f.; Lecky, 
Zeugungslehren, p. 82. 

15. Aristotle, GA 1 20. 728a 18, compares the woman with an infertile man. S. also GA II 3, 7370 
27; 1V 6. T15a 15, and Galen, Usu part. XIV 6 (IV 158; 161 £. K.); ef. Balss, Zeugungslehre, p« 2304 
Lesky, Zeugungslehren, p. 134. 

16. Galen, Sem. IL 4: Usu part, XIV 11 (IV 623; 188 LK.); see also Sem. 1 7: IT 1 (IV 536: 600 K.}; 
ef, Johann Lachs, Die Gynaekologie des Galen'”, Abhandlungen zur Geschichte der Medizin 4, (Breslau, 
1903), p. 30, 35; Balss, Zeugungsbhre, p. 229; Konrad Blersch, Fesen und Entstehung das Sexus im 
Denken der Antike (Thesis; Tübiogen, Stutigart, 1937), p. 102; Diepgen, Fraenheilkunde, p. 149: 
Genach, Samen, Lesky, Zeugungslehren, p. 180: Preus, Galen"s Criticiem, p. 83, S. also Aristotle, 
GA II 4. 740b 6. 

17. Mi allatididte. 

18, Mn: amiyün. 

19.8. Galen, Uau part. XV 4 and 5; Sem. L 10; Foel. form. 2 (IV 224; 231-234; 547 £.; 655-657 K.)i 
ef, Lachs, Gynuekologie, p. 28: Balss, Zeugungslehre, p. 238; Diepgen, Frauenheilkunde, p. 151 f. 

20. S. Hippocrates, Nat. puer. 18 (VII 504 L.), who explains this by the weaker and more bumid 
constitution of female semen (s. above, note 14); s. aleo Aristotle, GA 1V 6. 775a 10, and (Pseudo-) 
Aristote, HA VI 3. 583b 2. Cf. Bloch, Embryolagie, p. 39; Balss, Zeugungslehre, p. 241. 

21. Hippocrates, Nat. puer. 18 (VII 498-500 L.). however, sets forth 42 days for females, s, Fasbet- 
der, Entwickelungsléhre, p. 91 £.; Bloch. Embryologie, p. 19: Blersch, Sexus, p. 21 fr. 
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reference for calculations of the fetation periods. Indeed, Ibn Mäsawaih's 
reatise gives a good idea of this line of embryological thinking predominant 
n early Islamic times. With the physiology of embryogenesis he deals rather 
wiefy, depending mainly on thé Hippocratic treatises De genitura and De 
ratura pueri and on Galen's De semine, whereas more than half of the text 
s devoted to the periods of gestation and fetation which are explained by 
arguments of number theory. 

Ibn Mäsawaih goes right into the subject by stating that the embryo is 
generated from male aud female semen which mingle in the uterus,® The 
way in which male and female contribute to reproduction hud been a much 
debated question in Greck embryology. One group of scientists was of the 
opinion that the female, besides providing the place for the embryv, merely 
performs a nutritive function, while others assaumed that both sexes emit 
sement In the second century A.D., a concept was elaborated by Galen 
which was to become anthoritative for subsequent times. Based on the detec- 
tion of the female gonads by the Alexandrian anatomist Herophilus (3rd cent. 
B.C.);® he postulated that the function of the ovaries is analogous to that 
oftthe male testes, producing semen. which is transported to the womb through 
the uterine tubes, which he correetly analogized with the male seminal duets.1# 

Ibn Mäsawaih, moreover, follows Galen in the assumuption that the semens 
of the two sexes are not wholly equivalent to each other, male semen being 
more effective because of its greater consistency, whereas the semen emitted 
by the female is thin,“ resembling, as Ibn Mäsawaih adds, the semen of 


9. Yet these authors are not quoted explicitiy. 

10. Cf. Hippocrates, Genit. 5 (VIL 474 L.); Galen, Sem. 1 7: 1 1 (IV 536; 596 K.); +. Bruno Bloch, 
Die geschichtlichen Grundlagen der Ermbryologie bis auf Harvey", (Nova Acta Leopoldina 82,3, (Halle, 
04), 0: 45 f.: Heinrich Balss, Die Zeugungelebre und Embryologie in der Antike®”, Quellen und Studien 
+ Geschichte der Natunwvissensehafien und der Medizin, 5(1936), 231 £.; Walter Gerlnch, ‘Das Problem 
* ‘weiblichen Sameus in der antiken und mittelalterlichen Medizin"", Sudhoÿfs Archiv, 30 (1038) 
19; Anthony Preus, *Galen's Criticism of Aristotle's Conception Theory"”, Journal of the History of 
iolosy, 10 (1977), 83. 

11, Cf, specially Gerlach, Samen, pp. 177-193, aud Albert Esser, “Über die Bedeutung des münn- 
ichen und weïblichen Anteiles an der Zeugung in altindischer und altgriechischer Auffaseung, Die 
nédisinische Welt, 18 (1944), 491-495; 523-525. 

12. Cf. the fragment transmitted by Galen, Sem. 11 1 (IV 596 £. K.) 
162 £; Paul Potter, Herophilus of Chalcedon: au assessment of his place 
Bulletin ef the History of Medicine, 50 (1976), 55-57. 

13. Galen, Sem. IL 1 (IV 59347. K.); ef. Lesky, Zeugungslehren, p. 178 4 Hubertus Plange, Zusom- 
nenstllung der bei Galen aufiretenden wichtigsten Theorien über die Sexualitôt unter besonderer Herück- 
ichtigung der Besiehungen soischen Temperament und Sexus (Thesis; München, 1963), p. 9 Æ. But 
rerording 10 Potter (Herophilus, p. 56 f.), the attachment of the tabes 10 thé uterus may have been 
lescribed correctiy already by Herophilus. 

14, Galen, Sem, 1 4: 1 7: 1 4; Uau part. XIV 6 (IV 526: $36: 623: 164 €. K.): cf. Gerlach, Somen, 
* 169: Lesky, Zeugungslehren, p. 180: Plage, Sexualität, p. 12. According to Hippocrates, Genit. 6 
md Nat. puer. 183 21; 31 (VIL 478: 10: 540-542 L.), the distinction between male and female 


Lesky. Zeugungslehren, p. 
the history of anatomy". 
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than forty monographs on various special subjects, probably drawing chiefly 
upon Syriac translations of Byzantine books# Among his writings, of which 
only part has come down to us,5 is a short book entitled al-Magäla Sl-Janin 
aca-keeniht fr-rakim (Treatise on the Embrya and its Development in the Womtb).® 

In antiquity, reproduction and embryogenesis, those fundamental phenom- 
ena of life, were dealt with not only in medicine but also in natural philoso- 
phys Since the processes going on in the womb are not open ta direct observa- 
tion. the empirical knowledge on the development of the embryo was limited 
to rather incomplete and accidental facts gained from the examination of 
abortuses and vccasional dissections of pregnant animals. Therefore, in order 
to arrive at a comprehensive rational understanding of the laws of reproduction, 
scholars were forced to compensate for the scarcity of observational data by 
speculation and conclusions from analogy. This applies in particular to the 
determination of the stages of prenatal development and their duration, for 
in this respeet results of animal dissections could not be transferred to human 
beings because of different lengths of their gestation. Thus, a main charac- 
teristie of early Greek embryology is the attempt to fit the few positive data 
concerning these periods into numerical schemata® which were mostly elabora- 
ted in analogy to regular patterns discovered in other natural phenomena. As 
could be expected from their weak empirical foundation and the a priori 
character of the arguments employed, most of these systems deviate far from 
the truth. 

In Hellenistic times, the interest in numerical data of pregnancy diminished, 
since physicians now recognized that in view of the individual variations in 
gestational length the empirical knowledge at hand was not sufficient 10 
accomplish a currect and generally valid numerical theory of embryogenesis. 
In late antiquity, however, the figures put forth by the older authorities made 
their reappearance in Byzantine medical compendia which were intended 
ta cover the whole tradition of the ancients. 

Asthe Arabs first became acquainted with the teachings of their imme 
forerunners, we may detect in the earliest Arabic medical literature a certain 


4. CF. Max Meyerhof. ‘Die Augenbeilkunde in der von Budge berausgegebenen eyrischen ürztlichen 
Handsehrift®?, Zslam, 6 (1916), 266. 

5. 80 far, four of them havé been edited by Paul Sbath, cf. Sesgin, GAS IL, p. 233 F.,n0. 1,6,9,10. 

6. The book, mentioned by Ibn ALT Usaibi®a (“Uy£n, vol. 1, p, 183. 15) as K; al-Janin, is preserved 
ü+ an unique manuseript in Baghdad, Maktabat al-Mathaf al-<räqÿ, no. 249, fol. 242b-246a (dated 
Sih cent. H.): ef. Sesgin. GAS V, p. 409, 1 would like to express my sincerest gratitude 10 Professor 
Fuat Sesgin, who has drawn my attention to that treatise and kindly provided me with a copy of his 
mierofilm of the manuseripe. 

1. An extensive account and interpretation of ancient theories of reproduction is presented by 
Erna Lesky, “Die Zeugungs- und Vererbungslehren der Antike und ibr Nachwirken’*, Akademie der 
Wisseachafien und der Litwrotur, Abhondl. d. geistes- u. soriaheiss. KI. 1950, 19, (Mains, 1951), 

8. Cf. Paul Diepuen, Die Frauenheilkunde der Alen Web. Hondbuch der Gynäkologie, 3, Aufl., 
hrs. von W. Stoeekel, vol, 12, 1, (Müneben, 1937), p. 160. 
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BO ZAKARIYYA Yüh Mäsawaih was an important figure in 
the transmission of ancient medicine and science in general to the 
Arabs2 Born about 161/777 as sou of a Christian physician working at the 
famous Syro-Persian medical center in Gond®shäpür, he cametathe °Ab- 
basid capital Baghdad when his father Mäsawaih had to leave Gondeshäpür 
because of some internal quarrel* In Baghdad, and later on in Samarra, Ibn 
Mäsawaih served as director of hospitals and personal physician to the caliph 
al-Ma’mün and his three successors al-Mu‘tasim, al-Wäthiq and al-Muta- 
wakkil, and was held in high esteem at the court. By al-Ma’mün, he was 
charged with the organization and supervision of the translation of scientific 
hooks into Arabic’ but apparently he did not take part in the translating itself. 
Besides his official activities, Ibn Mäsawaih promoted the scientific life 
of his time by holding much frequented meetings where all branches of ancient 
science were discussed, and he gathered around him a great number of disciples. 
among them Hunain ibn Ishäq. To judge from the anecdotes reported about 
him, Ibn Mäsawaih must have been a person of short temper and a quick but 
rather poignant wit. 
About his practical talents as a physician, the opinions of his biographers 
are somewhat divided, but he surely was a prolifie writer on medicine. Accord 
ing to Arabic bibliographers, he composed two medical handbooks and more 


ut für Geschichte der Medizin der Friedrich-Alexander-Universität Erlaugen-Nürnberg, 
4520 Erlangen, W. Germany. 

1. As to bis life and writings. ef. Ibu Juljul, K. Tabagät al-ayibbd” wa-l-tukamd?, ed. Fu'äd Sayyid 
{Le Caire, 195), pe 65 f.; Tba mn, K. al Fihrist, ed. Gustay Flügel (Leipzig, 1871-1972), vol. 
1, pp. 295-296: Sa*id al-Andalusi, K. Tabagét al-umam, ed. Louis Cheikho (Beyrouth, 1912), p. 36: 
Tbu al-Qiiyt, Ta”rkh al-hukamd?, ed. Julius Lippert (Leipzig, 1903), pp. 380-391; Iba Abi Ujaibi‘a, 
“Uyün _obaabä fi Jabagät olLatibbé”, ed. August Müller (Kôcigsberg, 1882-1884), vol. 1, pp. 
115-183; Barhebraeus, To?rikh mukhtaar al-duwal (Bairüt, 1958), pp. 131-132, See also Lucien Leclere, 
Histoire de la médecine arabe (Paris, 1816), vol. 1, pp. 105-111; Fuat Sezgin, Geschichie des arubischen 
Sclrifitums (GAS; Leiden, 1967 .), vol. I, pp. 231-236; Manfred Ullmmonn, Die Medizin im Islam. 
Handbuch der Orient: L. Abr., Erg.-Bd. VII, (Leiden, Küln, 1970), pp 112-1 
and Max Meyerbof, “Die Angenbeilkunde des Jübannä b. Mäsawaih (777-857 n. Chr. 
(1916), 219: Paul Sbath,**Le Livre de l'eau d'orge de Youhanna ben Massawaih. grand savant et célèbre 
médecin éhrétien mort en 857°", Bullein de l'Institut d'Egypte, 21 (1938-1939), 14-19. 

2. C6 Ibn Abi Usaibi‘e, “Uyän, vol. 1, p. 171 f ; Leclere, Histoire, vol. 1, p. 103, 

3. Ibn Juljul aod, relying on him, SASid, Jbn al-Qifii, Ibn Abi Usaibi‘a sud Bathebrncos state — 
erroueouslÿ, as it would sem — that it was ia fact al-Härän who appointed bim director of the ncti- 
vities of translation. 
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Fig. 3 
or indirect sources used by the Alphonsine author. {f the Libro del astrolabio 
llano is not a translation, it is obvious that its author must bave used other 
sources as well, not least since Maslama’s notes are not a complete treatise on 
the construction and use of the astrolabe. If future evidence establishes that 
the Alphonsine book is a translation from the Arabic, I believe that the source 
of the translation might be Ibn al-Samh's lost book on the construction of the 
astrolabe:® one should remember that Ibn al-Samh (d. 426/1035) and Ibn 
al-Saflär (d. 426 /1035) were Maslama’s principal disciples, and that the former 
may have made extensive use of his master’s work on the construction of the 
astrolabe; on the other hand, Ibn al-Samh was an author well known to the 
astronomers of the Alphonsine court.#* 

25. Fuat Sergin, Geschichte des arabischen Schrifitums (Leiden, 1974), Vol. $, p. 2493 José Millés 
Vallierosa, ‘Los primeros tratados de astrolabio en la España drabe”, Revista del Instituto Egipcio 
de Estudios Islämicos en Madrid 3 (1935), 48. 

26, Thus, for example, they translated Thn al-Samb's treatise on the equatorium under the title: 
Libro de las läminas de las VIT planetas. Ed. Rico III, pp. 241-271. 
paper has renived nef suggetione from y master Juan Vernet (Univer- 
à my friend and colleague Maria Asuneiôn Catalé (Universidad de Barcelona). 
1 have been able 10 see Kasten and Nitti's edition of the Alphonsine Royal Manuscripts thanks to the 
Lindness and generosity of my friend Pedro M. Câtedra (Universidad Auténoma de Barcelona). Dr, 
David A: Kine (New York University) coreered he Enelih version of this paper. To all of them my 

lecpest thanks, 
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wd Maslama’s notes on the Planisphaerium" use 24° as the value for the 
ibliquity of the ecliptic, although this parameter is also used (together with 
23:51° and 23:51,20°) in the Planisphaerium:* Ptolemy’s explicit moti: 
or using € — 24 is the fact that 24 has divisors in common with 30 (2,3 and 
5), and consequently the same number of divisions can be used for zodiacal 
signs and equatorial degrees.# 

If we continue reading the Alphonsine book, Chapter 9, “De euemo deuen 
ser fechos los azimut”, contains supplementary evidence of Maslama”s influ- 
ance. Let us compare the beginnings of both the Castillian text and Maslama’s 
text on this construction: 


tiste el cerco de los siguos en aquellas tres. man- ÿ is 

au PIVS M qu Bios. où gas Girl de D EU ex 1 à 
linacion general, toda la alrura de la cabeça de D! 545 d 391 «91 LG sl a NL pol 3 js 
aries en uquella villa pora do es fecha la tabla.t 2e din ge ut 5 58 eg Qu 


1 do not think that we can say the Alphonsine passage is a translation of 
Maslama's but there are enough common elements in the two texts to suggest 
an influence. One of them is important: the Castillian text clearly alludes to 
three different constructions used to establish the division of the ecliptie, 
something we find in Maslama’s notes but not in the Libro del astrolabio llano. 
The latter contains, as we have seen, only one of Maslama’s constructions. 
This evidence is reaffirmed if we study the construetion used in Chapter 9 of 
this book in order to divide the projection of the horizon according to azimuthal 
angles. This is again one of the three constructions described by Maslama for 
the same purpose, and is the exact parallel of the previously described method 
to divide the projection of the ecliptic: 

Let ABGD be the projection of the horizon and EBZD that of the equator 
(Fig. 3). Let us take are DT equal to the colatitude and divide it into two halves 
so that DQ — QT. Then we draw BQ to intersect diameter ZE in point L 
{which will not be the projection of the ze: this last point would be détér- 
mined, as Maslama explicitly states, by the intersection of ZE and BT at R). 
Let us then take are EN — ZM with an arbitrary value: are XNLSM (which 
is not the projection of a vertical circle), going through the previously esta- 
blished points N,L, and M, will determine points X and S on the projection of 
the horizon, The same system is to be used until we have divided in this way 
the whole of the circle A BCD. 

Lthink this is enough to suggest that Maslama’s notes are one of the direct 


19. See above n. 13. 

20. Ed. Heïiberg chapter 1, p. 229 (23:510); chapter #, p. 234 (23:51,20°); chapter 20, p. 259 (24°). 

21. Cf. O. Neugebauer, **The Early History of the Astrolabe: Studies in Ancient Astronomy LX*, 
lis 40 (1949), 248. 

42. Rico, Libros IT, pp. 236-297. 

23, Vernet-Catalé, Maslama p. 24 

24. Rico, Libros IF, pp. 236-237; Vernet-Catalé, Maslama pp. 24-25, 35-36. 


6 JULIO samso 


The role of point Q becomes clear if we take into consideration a theorem pre- 
viously demonstrated by Maslama: great cireles GZA (the ecliptie) and GBA 
{the equator) (Fig. 2) intersect in points G and À, and their respective poles 
are F aud E. We draw the great cirele GWA which goes through points G and 
À and divides are BZ into two halves at point W. If we draw the arc of a great 
circle QN Y M it can easily be proved (as is done by Maslama) that GN — GM“ 
Therefore, it becomes evident that in the Alphonsine construction (Fig. 1) 
point Q is not the projection of the northern pole of the ecliptie, and that are 
PLONM is uot an are of a great cirele orthogonal to the ecliptie, but that the 
purpose of the construction is attained as points N and P are effectively the 
beginnings of Gemini and Sagittarius on the astrolabe. Maslama’s influence, 
here, seems fairly clear. 


Fig. 2 


This first impression receives a slight confirmation if we consider Chapter 
6 of the Alphonsine book, “De cuemo se deuen poner las estrellas fixas en la 
red”, concerned with the projection of the fixed stars on the spider of the astro 
labe, given their equatorial coordinates.* Maslama describes three different 
constructions for that purpose, one of which is the same as the Alphonsine 
construction," Nevertheless, the evidence here is less conclusive: Chapter 
1of Ptolemy’s Planisphaerium solves in the same way the problem of finding 
the stereographic projection of a point if one knows its right ascension and decli: 
nation. One should also bear in mind that both the Alphonsine book® 


14. 


ruet-Catalé, Maslama, pp. 22-23 and 30-32. 
co, Libros, IL, pp. 233-234. 

16. Vernet-Catal, Maslama pp. 25 and 37. 

17. Ed, Heiberg pp. 229-230; cf. Neugebauer, H.A.M.A., Vol. 2, p. 61. 
18. Rico, Libros LE, pp. 230-231 and 275. 


ALMAJRITI AND THE ASTROLABE 5 


would be an are of a great circle orthogonal 10 the ecliptic. The construction 
would then be similar to the one described in Chapter 15 of Ptolemy’s Plani- 
sphaerium." Nevertheless, Maslama’s notes on Ptolemy"s work shed some light 
on the question. This Andalusian author describes three different constructions, 
the purpose of which is the division of the ecliptic into signs and degrees. The 
third of these constructions coincides precisely with the Alphonsine one, with 
one addition: Maslama takes are GR as the double of the obliquity (sic for the 
obliquity) and determines point F which he identifies with the pole of the 
ecliptie, whilst point Q is defined as being “the pole of the great circle which 
intersects the equator at points À and G® and which divides the arc between 
the two solstices [sic: one should understand, as Vernet and Catala do, half 
the distance between the two solstices] into two halves}* 


Cane odéll og Les QT Gi Je 2 dan 558 ge Qu 


11. Cf. J. L, Heiberg, Claudit Ptolemaei Opéra quae exstant omnia. 11. Opera Astronemira Minora 
(Leipzig, 1907), pp. 251-252; and O. Neugebauer, À History of Ancient Mathematical Astronomy (Berlin, 
Heidelberg, New York, 1975), Vol. 2, p. H66. The great circle orthogonal to the celiptie is determined by 
three points: one is the projection of the northera pole of the ecliptie, whilst the other two are two 
diametrically opposite points on the 

12. B in the Arabic text: my change is prompted by the need to adapt Maslama's letters Lo the 
Alphousine illustration. 

13, Veret-Catalé, Maslama, pp. 23 and 32. See also pp. 24 and 33 wbere a similar expression 
appears: the abliquity of the ecliptic (249) is defined as the distance between the two soletices. 
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is probably the notes written by Maslama al-Majriti (d. ca. 3908/1007) on 
Ptolemy’s Planisphaerium.S 

The two books on the plane astrolabe® are concerned with the construction 
(24 chapters) and use (58 chapters) of this instrument. Nothing is said in the 
text concerning the sources nsed (we do not know if the two books under 
consideration are translations or original works), the name of the author or 
translator, nor the date of the original compilation. Nevertheless, some informa- 
tion can be gathered from the prologue. In it we find a reference to two previous 
Alphonsine translations, namely, the treatise on the sphere’ — translated 
literally by Yehüdah b. Mosheh and Johan Daspa in 1259, revised with addi- 
tions in 1277-, and the treatise on the fixed stars” -translated in 1256 by Yebü- 
dah b. Mosboh and Guillem Arremon Daspa; a corrected version was made in 
1276 with the collaboration of Yehüdab b. Müsheh, Samuel ha-Levi, John of 
Mesina and Jobn of Cremona. From these references we can say that the two 
books on the plane astrolabe were written after 1259,° and we may perhaps 
question whether the famous Yehüdah b. Mosheh was associated with the 
translation or compilation of the two books, since in the previous works referred 
10 he appears always as the main translator. 

The Alphonsine book on the construction of the plane astrolabe is usually 
concise, elear, and correct. This is why one is surprised 10 encounter in Chapter 
5 the remark: “De cuemo deue ser partido el céreulo de los signos’”, concerned 
with the division of the ecliptic of the astrolabe into signs and degrees. The 
construction described is the following: 

Let ABGD (Fig. 1) be the equator and AZGH the ecliptie, One takes are 
GT “tamanno euemo la meatad de la declinaciôn general”, that is, equal 10 
half the obliquity of the ecliptic. Line AT determines point Q on the meridian 
line BED. Then one takes ares DL — MB= 30° on the equator and draws are 
LQM which determines, on the projection of the ecliptie, points N and P. 
These will correspond to the beginnings of Gemini and Sagittarius.1° 

The first impression made when one reads the Alphonsine text is that arc 
GT should be equal to the obliquity of the ecliptic and not to half of it; point 
Q would then be the projection of the northern pole of the ecliptic and PLONM 


le Maslara de Mai 


5. Partially edited by J. Vernet and M. A. Catalé, Las obras matemti 
At-Andalus 30 (1965), 15-45. 
6. Rico, Libros LL (Madrid, 1863), pp. 225-292. 
Rico, Libros I (Modrid, 1863) pp. 153-208. On the Arabic original of this work see W. H. Worrell, 
ba Luqa on the Use of the Celestial Globe". sis 35 (1944), 285-293. 

8. Rico. Libros 1, pp. 1-145. See especially pp. 12 and 142. On this 
Tüllgren, “Los nombres érabes de las estrellas y la transeripeiôn alfonsin 
Pidal (Madrid, 1925), Vol. 2, 634-718. 

9, Therefore the translation 6e compilation of this work seems to correspond 10 a date after the 
period e. 1243-1259 considered by Romano (see the paper quoted in n. 4) as the period of tranelationt 
previous to the élaboration of the Alphonsine Tables. 

10. Rico, Libros IT, pp. 232-233. 


honsine work ef. alsa 0. J. 
 Homenoje à R, Menénde 


Maslama al-Majritt and the Alphonsine Book 


on the Construction of the Astrolabe 


JuLto Samsô* 


HE ALPHONSINE astronomical and astrolo works have an obvious 

interest and importance for historians of Arabic science, not only because 
they sometimes provide translations of lost Arabie originals, but also because 
they bear witness to the diffusion of Arabic astronomical books which were 
being translated into Romance languages in the thirteenth century. The new 
technical vocabulary appearing in Spanish during the Alphonsine period is 
strongly influenced by the Arabic language! so much so that the Alphonsine 
astronomical prose is oceasianally difficult to understand unless the reader 
mentally translates some expressions back into Arabic. Unfortunately, these 
Alphonsine books have not lately attracted the interest of scholars-with the 
exception, perhaps, of the Alphonsine Tables? Many of the Arabic sources 
of the Libros del Saber de Astronomia® have not yet been established," and 
the purpose of this paper is to make a modest contribution to the solution of 
this problem by showing that one of the direct or indirect sources used for the 
compilation of the frst of the two Alphonsine books on the plane astrolabe 


* Fuenltad de Letras, Universidad Auténoma de Barcelona, Bellaterra (Barcelona), Spain. 

1. See J, Mills Vallicrosa, El literalismo de los traductores de la corte de Alfonso el Sabio'", 
Andalus 1 (1933), 155-187 (partial reprint in Estudias sobre Historia de la Cieneia Espanola (Barcelona, 
1949), pp. 349-358); Georg Bossong, Problems der Übersetzung wissenschafiicher Werke ous dem Aru- 
bischen in das Altspanische sur Zeit Alfons des Weisen. Beihefte eur Zeitschrift für Romanische Philolo- 
sie, Band 169, (Tübingen: Max Niemeyer Verlag, 1979). 

2. Among recent works on these tables see Richard Harper, The Astronom 
Rode”", Jsis 66 (1975), 369-378; Owen Gingerich and Barbara Welther, “The Accuracy of the Toledan 
Tables”, Prismota: Festéchrifi far Willy Hartner (Wiesbaden, 1977), 151-168; J.D. North. The Aou. 
sine Tables in England”, Prismato pp. 269-301. 

3, Ed. by Manuel Rico y Sinobas in 5 vol 


kid, 1863-1867: » new edition in microfiche has 
appeared recently: see Lloyd Kasten and John Nitti, Concordances and Texis of the Royal Seriptorium 
Manuscripts of Alonso X, el Sabio. (Madison: The Hispanie Seminary of Medieval Studies, 1974). 
The latter edition contains not onlÿ the Alphonsine astronomical worke published by Rico y Sinobas 
but also previously unedited material. Unfortunately its nsefulness for historians of medieval 
astronomy is somewhat limited as the editors bave decided to omit geometrical figures as well as 
numerical tables. For that reason 1 am using here only Rico's edition. 

4 A recent survey of this problem can be seen in David Romano, “Le opere scientifiche di Alfonso 
X 6 l'intervento degli ebreï"*, Oriente e Decidente nel Medicevo: Filosofia e Sciense, (Roma: Academia 
Nasionale dei Lineeï, 1971), pp. 677-711. 
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